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CHEMK IN : 
A GENERAL-PURPOSE,  PROBLEM-INDEPENDENT,  TRANSPORTABLE, 

FORTRAN CHEMICAL KINETICS CODE PACKAGE 

Robert J .  Kee 
Applied  Mathematir,s Division I 

James A .  hI.i 1 1  er  
Combgstion Physic.; Division 

Thomas H .  Jefferson 
Applied  Mathematics Division I 1  

Sand ia  National Laboratories, Livermore 

ABSTRACT 

The CHEMKIN package i s  comprised of two major  components--the I N T E R P R E T E R  
and  t h e  gas-phase  subroutine  library. The INTERPRETER i s  a FORTRAN code which 
i s  used t o  read a symbolic descrigtion o f  an arbitrary,   user-specified chemical 
reaction mechanism. The o u t p u t  of the I N T E R P R E T E R  i s  a d a t a  f i l e  w h i c h  forms 
a link t o  the  qas-phase  subroutine  library.  This  library i s  a col lect ioc o f  
a b o u t  200 modular FORTRAN subroutines which may be called t o  return thermodynamic 
properties,  chemical production  rates,  derivatives crf thermodynamic properties,  
derivatives of chemical production  rates,  or  sensitivity  parameters. Thermo- 
dynamic properties  for  the chemical species  are given  in terms of  polynomial 
f i t s  t o  the  specific  neats, and are  stored on a thermodynamic d a t a  base. The 
d a t a  base is i n  exactly  the same f o r m a t  as  the one used in  the NASA chemical 
equilibrium code. Therefore,  the  user may e l ther  supply his own d a t a  base  or 
use the NASA d a t a  base direct ly .  
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NOMENCLATURE 

CGS UNITS 

. 

a n k  

a;: 

-0 a 

C 
p k  

C0 
pk 

C 
pk 

'5P 

C 
'k 

Coefficients t o  f i t s  of  thennodynamic d a t a  

S t a n d a r d  s ta te   spec i f ic  Helmholtz f ree  energy 
for the k t h  species 

Mass-weighted mean standard  state Helmholtz 
f ree  energy 

S t a n d a r d  s t a t e  Helmholtz f ree  energy for the 
k t h  species 

Mol ar-weighted mean standard  state Helmhal t z  
free energy 

Pre-exponential  factor  in  the  rate  constant 
of the i t h  rezction 

Specific  heat a t  constant  pressure o f   t h e  k t h  
spec i es 

Mass-weighted mean specific  heat a t  constant 
pressure 

S t a n d a r d  s ta te   specif ic   heat  a t  constant  pressure 
o f  the k t h  species 

S ecific  heat  at   constant  pressure o f  the 
k f h  spec i es 

Molar-weighted mean specific h e a t  a t  constant 
pressure 

Specific  heat a t  constant volume  of the k t h  
speci  es 

Mass-weighted m a n  specific  heat a t  constant 
vol ume 

depends on n 

ergs/g 

ergs/ g 

ergs/mol e 

ergs/mol e 

depellds on 
reac t i  on 

ergs/(g K )  

ergs/ (mol  e K )  

ergs/(mole K )  

ergs!(mole K )  
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CGS UNITS 

Specific  heat a t  constant volume of  the k t h  
spec i es  

Molar-weighted mean specific  heat  at   constant 
volume 

Chemical creation  rate of the k t h  species 

Chemical destructjon  rate o f  the k t h  species 

Activation energy i n  the  rate  constant of the 
i t h  reaction  [defined  in E q .  (11.5.511 

S t a n d a r d  st .ate  specific Gibbs f ree  energy 
for the k t h  species 

Mass-weighted mean standard  state Gibbs f ree  
energy 

S t a n d a r d  s t a t e  Gibbs f ree  energy for 
the k t h  species 

Molar-weightzd mean s t a n d a r d  s t a t e  Gibbs 
f ree  energy 

Specific  enthalpy of the k t h  species 

Mass-weighted mean specific  enthalpy 

S t a n d a r d  stdte  enthalpy of  the k t h  species 

En tha lpy  o f  the k t h  species 

Molar-weighted mean enthalpy 

Reaction index 

Total number cf  reactions 

Spec i es i ndex 

Forward rate  constant of the  ith  reaction 

Reverse rate  constant of the i t h  reaction 

ergs/(mole K )  

ergs/(mol e K) 

mol es /  ( cm3 sec) 

mol es/ ( cm3 sec ) 

[cal /mol e l  

ergs/ g 

ergsirno1 e 

ergs/mol e 

ergs/g 

ergs/ g 

ergs/mol e 

ergs/mol e 

ergs/mol e 

depends on 
reaction 

depends on 
reaction 
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CGS UNITS 

K Total number of species 

K C  

N 

P 

'atm 

q i  
R 

R C  

'k 
0 

-0 
S 

T 

'k 

U 

'k 

*k 

Equi  1 i bri  urn constant i n concentration uni t s  
for  the  i th  reaction 

Equilibrium  constant  in  pressure  units  for 
the i t h  reaction 

Number o f  coefficients  in polynomial f i t s  t o  
CF/R 

Pressure 

Pressur: of one s t a n d a r d  atmosphere 

Rate of progress of  the  ith  reaction 

Universal  gas  constant 

Universal gas constant, i n  same units  as 
activation energy Ei 

S t a n d a r d  state  specific  entropy of the 
k t h  species 

Mass-weighted mean standard  state 
specific entropy 

Standard s t a t e  entropy o f  the k t h  species 

Entropy o f  the k t h  species 

Molar-weighted mean standard  state  entropy 

Temperature 

Specific  internal energy o f  the k t h  species 

Mass-weighted mean specific  internal energy 

Internal energy of  the k t h  sptcics 

Molar-weighted mean internal energy 

Mass f r a c t i o n  of  the k t h  species 

Mole f r a c t i o n  of  k t h  species 

depends on 
reaction 

depends on 
reaction 

dyneslcm? 

dyneslcrn? 

mol es/  ( cm3sec) 

ergs/ ( mol e K 1 

[cal/(mole K ) ]  

e rgs/(g K )  

e rgs/(g K )  

evds/ (mol e K )  

ergs/ (mol e K 

ergs/ (mol  e K ) 

K 

ergs/g 

ergs/g 

ergs/mol e 

ergs/mol e 
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CX,l 

'k 

T.i 

%i 

P 

'k 

'k i 

t 

"k i 

I I  

'k i 

wk 

12 

M o l a r   c o n c e n t r a t i o n   o f  kth spec ies  

M o l e c u l a r   w e i g h t   o f  k th   spec ies 

Mean m o l e c u l a r   w e i g h t  

GREEK 

Enhanced t h i r d  body e f f i c i e n c i e s   o f   t h e   k t h   s p e c i e s  
i n   t h e   i t h   r e a c t i o n .  

Temperature  exponent i n   t h e   r a t e   c o n s t a n t   o f   t h e  
i t h   r e a c t i o n .  

Kronecker   de l  t a ;  bi = 0 f o r  i # j ,  hij = 
1 f o r  i = j .  

Mass clensi t y  . 
C h a r a c t e r i s t i c   c h e m i c a l   d e s t r u c t i o n   t i m e  
o f  the   k th   spec ies .  

S t o i c h i o m e t r i c   c o e f f i c i e n t s   o f   t h e   k t h   s p e c i e s  
i n   t h e  ith r e a c t i o n ,  w k i  - - $'i - 

Stoichiometric c u e f f i c i e n t s   c f   t h e   k t h  
r e a c t a n t  s p e c i e s  i n   t h e   i t h   r e a c t i o n .  

S t o i c h i o m e t r i c   c o e f f i c i e n t s   o f   t h e   k t h  
p r o d u c t   s p e c i e s   i n   t h e  ith r e a c t i o n .  

C h e m i c a l   p r o d u c t i o n   r a t e  o f  the  k th   spec ies.  

CGS UI4ITS 

mol  es/cm3 

g/mol e 

g/mol e 

g /cm3 

s ec 

mol e / (  cm3 sec)  



C H E M K I N :  A GENERAL-PURPOSE,  PROBLEM-INDEPENDENT,  TRANSPORTABLE, 
FORTRAN CHEMICAL KINETICS C O D E  PACKAGE 

I .  Introduction 

1.  Overview 

C H E M K I N  i s  a package of  FORTRAN programs which are designed t o  f a c i l i t a t e  
a chemist 's   interaction with  the computer in modeling chemical kinetics.  The 
modeling process  requires t h a t  the  chemist  fornlulate a n  applicable  reaction 
mectlanism (with  rate  constants) and t h a t  he formulate and  solve a n  appropriate 
system of  governing  equaticns. Once t h e  mechanism a n d  governing equations  are 
defined, C H E M K I N  provides a means t o  describe  symbolically  the  reaction 
mechanism ( t h e  I N T E R P R E T E R )  a n d  a means to  describe c o m p u t a t i o n a l l y  a n  a r b i t r a r y  
system of governing  equations  (The Gas-Phase Subroutine L i b r a r y ) .  CHEMKIN 

does n o t  provide a means t o  solve  the  governing  equdtions;  therefore  selxtion 
a n d  implementation o f  d solution method i s   l e f t  to  th(-; user. 

I n p u t  t o  the INTERPRETER nzy be any number o f  reversible  or  irreversible 
reactions,  including  those w i t h  arbitrary th i rd  bodies,  photons,  or  ionic 
species  as  reactants or products. A l s o ,  enhanced third body eff ic iencies  may 
be specified  for any of  the  species i n  three body reactions. The i n p u t  to  the 
I N T E R P R E T E R  i s  in  famiiiar  chemical, n o t  computational, n o t a t i o r , .  !n t h i s  
aspect CHEMKIN may be considered t o  be a computer lanquage which t l ,anslates  
chemical reaction nomenclature into F O R T R A N  code. As a r e su l t  the  definition 
a n d  modification of  a mecnanism i s  easy, and  feedback on the  effect  o f  a 
change i s  rapid.  Wreover,  since  the language i s   fami l ia r ,   the  chances of 
error  associated w i t h  writing a n d  debugging nevJ F O R T R A N  code are  significantly 
reduced. 

The Gas-Phase Subroutine Library i s  a collection o f  a b o u t  200 modular 
FORTRAN subroutines which may be called t o  return  equation o f  s ta te   var iab les ,  
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thermodynamic properties,  chemical  production rates ,   der ivat ives  o f  equation 
of s ta te   var iables ,   der ivat ives  o f  thermodynamic properties,   derivatives of  
chemical  production r a t e s ,  and s ens i t i v i ty  parameters. The variable:  returned 
from these  subroutines may be  combined by the  user i n  his FCRTRAN code t o  fom 
any s e t  of governing  equations. 

There are a number o f  other  general  purpose chemical kinetics codes 
available. The NASA general chemical kinetics code by Bittker 'and  Scullinl  
a n d  the SE'TKIN cod? by Dickinson a n d  Gelinas2  are  notable examples. However, 
the  concept and construction of  CHEMKIN i s   qu i te   d i f fe ren t  from these  other 
codes, which  were written  primarily  to  solve a problem 3r a c lass  of  problems. 
The C H E M K I N  packaae i s  - n o t  intended t o  solve a single  class o f  problccns c;i t ,  

instead, i t   i s  intended t o  allow  the  creation of a general framework  from 
which any problem i n v c l l v i r g  a complex chemical mechanism mny t l ?  fonnulater:. 
I n  other word;, C H E M K I N  i s  designed f o r  e f f i c i e r t  h a n d l i p g  of  physical prob!?mr 
regardless of  the chemical reaction mechanism  and the govt?rnir,$ equations. 

Because the CHEMKlN Cackage i s  n o t  designed tc, s o l v e  a sincle type of  
problem directly,   the  user must write some FORTRAN code t o  describe  his 
par t icular   set  o f  governing  equations. However, the rat-cgt-arnming i s  m i n i m a l .  

A user need only ca l l  C H E M K I N  subrcutincs t h a t  define tktose terms i n  his 
equations t h a t  r e l a t e  t o  equation o f  s t a t e ,  chemical production, a n d  thermo- 
dynamics, a n d  then combine the  resul t s  t o  define h i s  problem. I n  a d d i t i o n  to  
problems i n  chemical kinetics which lead t o  systems r3f ordinary  differential 
equations we anticipate t h a t  a major  use of the package w i l l  be t o  define 
the chemical ra te  terms  in  systems of partial  differential  equations which 
alsr,  describe f l u i d  transport. The solution methods arc cf  the user ' s  choosing 
a n d  are independent of the C H E N K I N  package. 

A n  i m p o r t a n t  advantage of  the  general  -purpose a n d  problem-independent 
structure of CHEMKIN i s  t h a t  i t  a l l o w s  the  chemist t c  work with  tne same input 
nomenclature  regardless o f  his  particular problem. Thus there is no need t o  
remember a different  input  protocol  for  different problems, a n d  cor,sequently 
the time required  to switch between problems or to  begin a new problem i s  
minimized. Additi3nally, by having made C H E M K I N  easily  transportable between 
computers, we hope to   f ac i l i t a t e   t he  exchange of applicdtions  codes between 
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d i  f ferent   s i tes .   Current ly  such  exchanges are  often hampered t y  machi ne- 
dependen t or probl em- spec i f i c codi ng . 

2 .  Structure o f  CHEMKIN -- 

Tne CHEMKIN package i s  composed o f  four i m p o r t a n t  pieces:  the INTERPRETER, 
the Th2rmodynamic Data  Base,  the  Linking F i l e ,  and  the Gas-Phase Subroutine 
L i b r a r y .  The I N T E R P R E T E R  i s  a program  which f i r s t  reads  the  user's symbolic 
description of  the  reaction mechanism. I t  then extracts  the  appropriate 
thermody,larnic infonnati(..:I fcjr the  species  involved from the Thermodynamic Data 
Base. The Data Base  has exactly  the same f o n a t  as t h a t  used by the NASA 
complex chemical equilibrium code by Gordon a n d  EiiBride3. The o u t p u t  o f  the 
I N T E R P Z E T E R  i s  the L i n k i n g  F i l e  which contains  all  the  pertinent i n f o r m a t i o n  
on the  elements,  species, a n d  redctions i n  the mechanism. 

The L i n k i n g  F i l e  i s  read by an init ialization  subroutine which i s   c a l l e d  
from the  gser  code. The purpose of  i n i t i a l i z a t i o n   i s  t o  create two d a t a  
arrays  (one  integer a n d  one floating  point)  for use internal 1y by the  other 
C H E M K I N  gas-phase  subroutines. 

The C H C M K I N  gas-phase S\JbrOUti l l t . s ,  o f  w h i c h  th(!t*t: are over 100, are 
called t o  return i n f o r m a t i o n  on t k  elements,  species,  reactions,  equation o f  
s t d t e ,  thermodynamic properties,  chcmical production r a t e s ,   s ens i t i v i ty  
parameters,  derivatives o f  chemical p r o d u c t i o n  ra tes ,  a n d  derivatives of 
thermodynamic properties.  Generally  the i n p u t  t o  these  routines  will be the 
s ta te   var iables  o f  t h ?  gas--pressure or density,  temperature, and the  species 
composition. All routines can b e  called w i t h  the  species  composition  defined 
as  mass f rac t ions ,  mJ?e f rac t ions ,  or molar concentration. 

, 3 .  Example 

As a n  example o f  the IJSC o f  the C H E M K I N  package consider a hydrogen 
oxidation mechanism. We must f i r s t   def ine   the  e1en:ents and  species w h i c h  

appear i n  the mechanism, and  then describe  the  reaction mechanism i t s e l f .  
A sample of the  card  input needed for the I N T E R P R E T L R  i s  shown in  Figure 1. 
The i n p u t  i s   essent ia l ly  fo rma t  f r ee .  The elements and  species need only be 
separated by blank spaces. The reaction  descriptions o??ec?r f i r s t  and  are 
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Figure 1. E x a m p l e  o f  Card  Image I npu t  t.6 C t i E M K l N  
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followed by the  three  Arrhenius  ccefficients  (pre-expcnential  factor,  temperzture 
exponent, and  activation  energy). Enhanced t h i r d  body eff ic iencies   for  
selected  species can be specified  in  the  card  following t h a t  for a reaction 
which has an arbi t rary t h i r d  body specified.  

Assume the  governing  equation we wish t o  s t u d y  i s  the  energy  conservat.ion 
equation  for a constant-pressure  environment: 

K 

where T i s  the  temperature, p the mass density,  and  C the mean specif-ic 
P 

heat; h k ,  Wk, a n d  W k  are  the  specific  ent; ,   lpies,  molsr p r o d u c t i o n  
r a t e s ,  a n d  molecular  weights of the  species,  respectively. The representation 
o f  this  equation  begins w i t h  C H E M K I N  subroutine  calls  of the f o l l o w i n g  i o n ,  

where the  output  variables  are  underlined: 

C A L L  CKINIT(LENIWK,LENWK.LINK,LOUT,IWORK,WC%K) ____ -- 
C A L L  CXINDX(IWORK,WORK,MM,KK,II,L€.NEL,LE.NSYM,NFIT~ --_- -- 
CALI. CKRHOY(P,T,Y,IWORK,WORK,RHO) -- 

C A L L  CKCPRY(T,Y,I~ORK,WORK,CPDJ -- 

C A L L  CKIiY(T,Y,IWOKK,WORK,tt) - 
C A L L  C K W Y P ( P , T , Y . I W O R K , W O R K , W U O T )  -._. . 

C A L L  CKWT( I N O R K , U C ) R K  ,W.r) - .  

The complete detai 1 s on these ca1 
t h i s  document, the  object ivre be 
the use o f  CHEMKIN. Briefly, The 

1 s are  explained 
i n g  t o  i l l u s t r a i e  
f i r s t  ca! 1 i s  t o  

i n  la ter   sect ions of the 
the  relative simp1 i r i t y  of 
t h r ,  in i t ia l izat ion  subrout ine,  

CKINIT,  which reads  the L i n k i n g  F i l e  t h a t  was creat,e(l by the i N T E K P R E T E R  for 
the  hydrogen-air  reaction mechanism. LENIHi :  a n d  L E N i K  are  the  actual  dinensions 
provided by the  user for the d a t a  arrays,  I'VIOKK a n d  WORi<, LINK i s  the  logical 
f i l e  number of the Linking F i l e ,  a n d  LOUT i s  the  logic31 f i l e  number for 
printed  error messages. I n  the remai n i  ng cal l  s ,  t h e  pressure,  temperature, 
and  mass fraction  distribution  are  input  as P, T ,  and  'i. The o u t p u t  variables 



(under1  ined) , correspond t o  the  various terms for describing  the  equation, 
i .e . ,  RCO = P ,  C P B  = -6' H = h k ,  WDOT = A k ,  WT = W k .  The t o t a l  number o f  
species < s denoted by K K  because  the  running  index k becomes " K "  in FORTRAN 

( se? bel ow) . 
P '  

The FORTRAN representation of the  governing  equation,  given by combining 
the  resui t s  o f  the above subrouiine  call s , i s  simply 

SUI4 =o  . 
DO 1OU K=l,KK 
SUM=SUM t H ( K ) * W D O T ( K ) * W T ( K )  

1 C O  C O N T I N U E  

D T D T = - S U M / ( R H O * C P B )  

One can  see from t h i s  example t h a t   o n l y  a m i n i m u m  of  programming e f f o r t   i s  
required t o  form d n  arbitrary governing  equation from an a r b i t r a r y  reaction 
mechani sm. 

4 .  TranspDrtabi 1 i t y  

The C H E M K I N  package was developed on a C D C  6600 cmputer using  the NOS-BE 

operatirig  system. However, we have n o t  taken  advantage o f  any special CDC 
features.  Glri t ten  ent i re ly  i n  A N S I  s t a n d a r d  FORTRAN, the code should be 
edsily  transportable t o  other cornpu'-;er systems. The machine word length i s  
not  important i n  any o f  the CHEMKIN subroutines so there should n o t  n o t  be any 
need t o  change variables t o  double  precision on small -word-1 ength  computers. 

5. Orqani z a t i  on o f  the ReDort 

Chapter I 1  i s  a comperldium of important  equations i n  gas  phase  chemical 
kinetics.  Many o f  the  equation;  are simply def ini t ions,  b u t  i n  any case 
derivations  are  ei ther very sketchy or n o t  given. Although most readers  will 
find a1 1 the  equations  quite farnil a r ,  i t  i s  useful t o  h3ve these  equations 
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s t a t e d   c o n c i s e l y   i n  one  document.  For m o s t  o f   t h e   e q u a t i o n s   t h e   p a c k a g e  

c o n t a i n s  a s u b r o u t i n e   w h i c h ,  when g i v e n   t h e   v a r i a b l e s   o n   t h e   r i g h t - h a n d  

s i d e ,   r e t u r n s   t h e   v a r i a b l e   o n   t h e  1 e f t .  Below  the  equat ion  number i s   s t a t e d  

( i n   b r a c k e t s )   t h e  name o f   t h e   s u b r o u t i n e   w h i c h   p r o v i d e s   i n f o r m a t i o n   a b o u t   t h a t  

equat ion.   For   example,  Eq. (11.2.3)   g ives mean m o l e c u l a r   w e i g h t   i n   t e r m s   o f  

t h e  mass f r a c t i o n s .   S u b r o u t i n e  CKMMWY w o u l d   t h e r e f o r e   b e   c a l l e d   t o   r e t u r n  

t h i  s i n f o r m a t i o n .  

Chapter  I11 e x p l a i n s   t h e   m e c h a n i c s   o f   u s i n g  CHEMKIN and   p rov ides  a 

d e s c r i p t i o n   o f   t h e   j o b   c o n t r o l   l o g i c   f o r   r u n n i n g  a problem.  Chapter I V  
e x p l a i n s   t h e  CHEMKIN INTERPRETER and how t o   s e t  up t h e   r e q u i r e d   s y m b o l i c   i n p u t  

t o   d e f i n e  a r e a c t i o n  mechanism.  Chapters V and VI d e s c r i b e   t h e  CHEMKIN 

gas-phase  subrout ines,  V b e i n g  composed o f  s h o r t   d e s c r i p t i o n s   f o r   q u i c k  

re fe rence   and  VI, a n   a l p h a b e t i c a l   l i s t i n g ,   e x p l a i n i n g   t h e   i n p u t  and o u t p u t   i n  

the   ca l l   sequence   and   c ross   re fe renc ing   each   sub rou t ine   t o   equa t ion   numbers  i n  

Chapter  11. To dernor,st:?te CHEMKIN e x p l i c i t l y   C h a p t e r  VII goes  through a 

sample  problem i n   d e t a i l  . 

Appendix A d e f i n e s   t h e   a i l c c a t i o n   o f  t w o  w o r k   a r r a y s   v h i c h   a r e   c r e a t e d  

f r o m   t h e   L i n k i n g   F i l e .   W i t h   t h i s   i n f o r m a t i o n ,   s u b r o u t i n e s   c a n   b e   r e a d i l y  

c r e a t e d   f o r   p r o b l e m s   n o t   p r e s e n t l y   c o v e r e d   i n   t h e   c u r r e n t   v e r s i o n   o f   t h e  

Gas-Phase   Subrou t ine   L ib ra ry .   S ince   t he  INTERPRETER i s more  genera l   than 

t h e   c u r r e n t  G a s - P h a s e   S u b r o u t i n e   L i b r a r y ,   t h e r e  i s  room f o r   e x p a n s i o n   o f  

the  package. 

Appendix B p r o v i d e s   i n f o r m a t i o n   o n   t h e   s t r u c t u r e  and c o n t e n t   o f   t h e  

thermodynamic  data  base.  Appendix C, i s  a m i c r o f i c h e   l i s t i n g  o f  t h e  INTERPRETER 

and  the   Gas-Phase  Subrout ine   L ib rary .  
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11. The1 modynamics and Chemical Rate Expressions 

1.. Choice of  Variables 

The formulation of any problem requires t h a t  a se t  of dependent variables 
be chosen.  Unfortunately  there i s  no clear  choice t h a t  is   generally  superior 
for a l l  problems. In the CHEMKIN package we have decided t o  a3low the  user 
t o  select  either  pressure or density,  temperature, and e i the r  mass f ract ion,  
mole f ract ion,  or molar concent ra t ion .  I n  other words, t o  define  the  state of 
a g a s ,  one variable must  be selected from each column of the diagram  bel ow. 

I n  making these  options  available from among the many possible, we have 
attempted t o  provide  combinations o f  variables which are  natural ones for a 
wide class  of problems. I n  particular,   pressure  is  a n a t u r a l  choice i n  

s i tudt icns  where pressure  is  held  fixed, a n d  de 
a system where  volume is  f ixed. Moreover,  dens 
many problems i n v o l v i n g  f l u i d  mechanics  because 
from the mass continuity  equatiDn. Temperature 
variable because b o t h  t he  thermodynamic propert 
constants depend directly on temperature. Mass 

n 
i 

i 

si t y  i s  a natural  variable i n  
t y  i s  a natQral  variable i n  
rlcnsi t y  i s  determined  dire: t l y  

i s  always taken as a natural 
es and the chenical  ra te  
fraction and mol e Fraction  are 

b o t h  convenient  variables t o  describe the  composition of a gas. Molar cmcentra- 
t i o n  is  usually  less  convenient b u t  i t  i s   of ten a natural v a r i a b l e  because  the 
rate  of progress of chemical reactions depends direct ly  on the molar cc,ncerltration 
o f  the  reactants and products. 

From the  standpoint of  e v a l u a t i n g  properties or chemical ra te  
expressions  the  choice o f  var iab les   i s   rea l ly   jus t  a matter o f  convenience 
since one s e t  o f  variables can readily be converted t o  another. However, i n  
evaluating  partial  derivatives  the  choice  is more important,  because  there  the 
choice  dictates w h a t  i s  being held  constant  in  the  differentiation. 
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2 .  Equation of State -- 
The equation o f  s t a t e  used i s  t h a t  o f  a perfect  gas: 

(11.2.1)* 
[ C K P Y  , C K P X , C K P C ]  

( 1 1 . 2 . 2 )  
[CKRHOY ,CKRHOX,CKRHOCl 

The mean molecular w e i g h t  i s  defined  variously  as 

(11.2.3)  

[ CKMMWY 1 

( 1 1 . 2 . 4 , )  
[ C K M C I W X ]  

( 11 .2 .5 )  
[CKMYWC] 

3. Mole-Mass Conversions -. - 
Use o f  the C H E M K I N  subroutines  requires t h a t  the  species  distribution be 

specified  either as mass f ract ion,  mole fract ion,  or molar concentration. I n  
this  section we s t a t e  conversion  formulas between these  various ways t o  describe 
the make up o f  the  mixtures. Also, in  the  case o f  conversion t o  molar concentra- 
t i o n  we state   the formulas b o t h  in t e n s  o f  pressure and density. 

*The  names in brackets  refer t o  subroutines w h i c h  are  described i n  Chapters V 
a n d  VI. Mnemonic devices used for  the naming conventions  are  described a t  the 
beginning of Chapter V .  
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Mass F r a c t i o n   t o  Mole Frac t ion- -  

Mass F r a c t i o n  t o  Mol a r   Concen t r a t ion - -  

= T 
'k 

Mole F r a c t i o n  t o  Mass Frac t ion- -  __- 

y = -  'k'k - - - __- 'kWk 
k K  -.- 

W 1 x . w  
j=l J J  

Mole F r a c t i o n   t o  Molar  Concentration-- 

(Ii.3.1) 
[ C K Y  TX] 

(11.3.2) 
[ CKY TCP 1 

(11.3.3) 
[ C K Y T C R ]  

(11.3.4) 
[ C K X T Y  1 

(11.3.5) 
[CKXTCP]  

[X, ]  = x 
k F T  



Molar Concentration t o  Mass Fraction-- - - 

(11.3.7) 
[CKCTY 1 

Molar Concentration t o  Mole -- F r a c t i o n - -  

(11.3.8) 
[CKCTX] 

[ X j ]  
j=1 

4 .  Thermodynamic Properties 

Thermodynamic propertie;  are taken t o  be in  the form of  polynomial f i t s  
t o  the  specific h e a t  a t  constant  pressure. 

(11.4.1) 
[C.K.ATtiM ,CI(CPOR ,CKCPML] 

The superscript o refers t o  the  standard  state one atmosphere. For perfect 
gases, however, the  heat  capacities  are  independent o f  pressure;  the  standard 
state  values  are  the  actual  values. Other thermodynamic properties  are given 
in terms of the f i t s  t o  C i .  F i r s t ,  the enthalpy i s  given by 

so t h a t  

N a n k  T ( ~ - ' )  aN+l , k 
= z n + T  

(11.4.3) 
[CKATHM ,CKHORT  ,CKhML] 

n=l 
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where the  constant of integration,  aN+l,k*R,  is  the  standard  formation 
enthalpy a t  0 K. Additionally,  the  standard  state  entropy i s   wr i t ten   as  

C0 
= LT dT 

so t h a t  

( 1 1 . 4 . 4 )  

( 1 1 . 4 . 5 )  

[CYATHM,CKSOR,CKSML] 

where the  constant o f  integration, + R ,  i s  the  standard fo rma t ion  
entropy a t  0 K. 

'N+2, k 

A1 t h o u g h  the programming i s  done in  general  for a n  arbitrary  order 
polynomial f i t ,  t h e  d a t a  base  normally used in  the CHEMKIN package i s  t h a t  o f  

the NASA f i t s 3  t o  the JANNAF d a t a .  In  this  case seven coeff ic ients   are  
needed for  two temperature  ranges. These f i t s   a r e  given  in  the  following form: 

C0 
- 

T -  
( 1 1 . 4 . 6 )  
[ C K C P O R j  

( 1 1 . 4 . 7 )  
[CKHORT] 

s; '3k T2 + a4k  T3 -t a 5 k  4 Tt = a l k  I n  T + aZk  T + -3 4 a 7 k  (11.4.8) 
[CKSOR] 

Other thermodynamic properties  are  easily given  in  terms of Cop, H . ,  a n d  0 

So. The specific  heat a t  constant volume, C,, is   stated  as 

C v = C  - R  
P 

( 1 1 . 4 . 9 )  
[CKCVML] 
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! 
The internal energy U i s  given  as 

U = H - R 1 '  

The standard  state Gibbs free energy GO is   writ ten as 

GO = H - T S O  

and,  the  standard s t a t e  Helmholtz free energy A 0  i s  defined t o  be 

A' = U - TSo 

(11.4.10) 
[CKUML]  

(11.4.11) 
[CKGML I 

(11.4.121 
[ C K A M L  ] 

For Cp, C v ,  H ,  a n d  U the  standard  state  values ( i .e . ,   superscript  o f  

are  the a c t u a l  values  for  perfect gases. However, t o  obtain S ,  G ,  a n d  A 

from the  standard  state  values one  must add the  appropriate  pressure a n d  

entropy o f  mixing terms, i .e .  

Sk = Sk 0 - R I n  Xk - R ln(P/Pa+,,,) 

I n  the CHEMKIN Gas-Phase subroutine l i b r a r y  we provide only standard  state 
q u a n t i  t i e s .  

Often specific thermodynamic properties  are needed i n  mass units  rather 
t h a n  molar uni ts .  These are determined  simply by d f v i d i n g  the  property i n  

molar units by the  molecular  weight. The specific  properties  are  thus 
given  as 

hk = 

Hk 

(11.4.13)  
[CKCPMS] 

(11.4.14) 
[CKHMS] 

( I  I . 4 .15 )  
[CKSMS] 

26 

. 



“k (11.4.16) 

“k - ‘k 
- _ _  [ C K C V M S ~  

‘k 
(11.4.17) 
[CKUMS]  

‘k = 

G; 

A: 

(11.4.18) 
[ CKGMS] 

9; 7 
(11.4.19) 

a: = - 
‘k 

[ CKAMS! 

I n   a d d i t i o n  one may need  average  thermodynamic  proper t ies.  The CHEMKIN 

the rmodynamics   sub rou t ines   re tu rn   mo la r   ave raged   p roper t i es  i f  t h e   v a r i a b l e  i s  

i n   m o l a r   u n i t s   a n d  mass a v e r a g e d   P r o p e r t i e s  i f  t h e   v a r i a b l e  i s  i n  mass u n i t s .  

For  exampl e 

K (11.4.20) 
F = I. c Xk [CKCPBL] 

= z  c ‘k [CKCPBS] 

.p k = l  pk 

K (11.4.21) - 
‘’P k = l  pk 

!.11 t h e  e the r   t he rmodynamic   va r iab les   a re   ave raged   i n   t he  same way. 

K 
ti = 1 HkXk (11.4.22) 

k =  1 [CKHBML] 

K - 
h = 1 hkYk  (11.4.23) 

k =  1 [CKHBMS] 

K so = 1 s i x k  (11.4.24) 
k = l  [CKSBML] 
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k = l  
(11.4.25) 
[CKSBMS? 

K 
-0 G = 1 G;Xk 

k = l  

-0 
K 

A = A i X k  
k=l 

-0 
K 

a = a iYk 
k = l  

(11.4.26) 
[CKCVBI-] 

(11.4.27) 
[ C K C V B S ]  

(11.4.28) 
[ CKIIBML] 

( I I .4 .29)  
[CKUSMS] 

(11.4.30) 
[ CKGBML]  

(11.4.31) 
[ CKGBMS] 

(11.4.33) 
[CKAUMS] 

5 .  Chemical Rate Expressions - 
Consider I elementary  reversible  (or  irreversible)  reactions i n v o l v i n g  K 

chenical  species which can be represented in the  general form given  below, 

1: K (11.5.1) 
[ C K I T Z ~  

The stoichiometric  coefficients u k i  are  integers a n d  xk i s  the chemical 
symbol for  the k t h  species. Normally a reaction  involves  only  three  or  four 
species; hence the u k i  matrix i s  q u i t e  sparse f o r  a large  ;et  of  reactions. 
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The produc t i o n  ra t e  { o f  the kth species can be written  as a 
summation of  the   ra te  of progress  variables  for  all  reactions  involving  the 
kth species: 

I 
( k = l ,  ..., K )  

( 1 1 . 5 . 2 )  
[CKWYP,CKWYR,CKWXP,CKWXR,CKWC, 

CKCONT]  

where 

(11.5.3) 
w = ( W i i  - \'I ) [ C K N U ]  k i  ki 

The ra te  of progress  variable, q i  , for the i t h  react ion  is  given by 

the  difference o f  the forward ra tes  minus the  reverse  rates as 

(11 .5 .4 )  
K I 

'k i K W'I ki [ CKQY P , C X Q Y  R , CKQXP , C K Q X R  ,CKQC , 
qi  = k f i  11 [x,] - kri 11 [x,] CKCONT]  

k = l  k = i  

where [ X k ]  i s  the molar concentrdtion o f  the k t h  species a n d  k f i  arid kri  are 
the  forward a n d  reverse*  rate  constants o f  the i t h  reaction. The forward 
rate  constants  for  the I reactions  are assumed t o  have the f o l l o w i n g  Arrhenius 
temperature  dependence:** 

k f i  = A i  Tf i i  exp ( - E i / R c T )  
(11.5.5) 
[ C K A B E ]  

where the  pre-exponential  factor  Ai,  the  temperature  exponent Bi, and 
the a c t i v a t i o n  energy E i  usually come  from experiment. For all   reactions 
the  parameters i n  E q .  (11 .5 .5 )  are  required i n p u t  t o  the CHEMKIN jackage  for 
each reaction. 

* 
** I f  the  reaction  is  irreversible,  then  kri  is o f  course  zero. 

Two gas constants,  R a n d  R,,  are used throughout this   report  a n d  the 
CHEMKIN code. Rc i s  used on ly  i n  conjunction w i t h  the  activation 
energy, E i ,  a n d  has compatible  units. The reason for the  duality ;is 
because we find t h a t  many users would rather use different  units ( say  
cal/mol e)  for  activation  energies even t h o u g h  other  units  (say  cgs)  are used 
otherwise. 
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The reverse  rate  constants kri are  related t o  the furward rate  constants 
t h r o u g h  the  equil ibr ium constants as 

Although K c i  i s  given i n  cor,centration  units,  the  eouilibrium  constants 
are more eas i ly  determined from the thermodynGmic propertipc i n  pressure 
u n i  t s ;  they are re1 ated by 

K 
1 " k i  

k =  1 
K c i  = K p i  ($) ( 1 1 . 5 . 7 )  

[CKEQYP ,CKEQYR,CKEQXP,CKEQXR ,CKEQC! 

where Fat,,, denotes  atmospheric  pressure. The equilibrium  constants K p i  

are  obtained w i t h  the  relationship 

(11.5.8) 

The A r e fe r s  t o  the change t h a t  occurs i n  passing  completely from reactants 
to  products by the i t h  reaction. More specif ical ly  

Three  Scdy Reactions-- 
It; some reactions a t h i r d  body i s requ! red for  the  reaction t o  proceed; 
~ ~ - .  .- 

this  is   of ten  the  case i n  dissociation or recombination  reactions. When a 
t h i r d  hody i s  needed,  the r a t e  o f  progress  variable  is   different from E q (  I J  .5 .4)  

by f i r s t   f a c t o r  i n  the  equation below. 

I 
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I f  all  species c o n t r i b u t e  equally  as  third  bodies,  then  all a = 1, a n d  

the f i r s t  f a c t o r  is  the  total  concentration of the  mixture: 
k i  

However, i t  is  often  the  case t h a t  some species a c t  more eff ic ient ly   as  
t h i r d  bodies t h a n  do  others. The %i coeff ic ients   are  then used t o  specify 
the  increased  efficiency o f  the kth species  in  the  ith  reaction. Note 
also t h a t  i f  a species i s  t o  b(: excluded from a c t i n g  as a t h i r d  body,  then 
%i = 0 for t h a t  species. Any a,,i w h i c h  d i f f e r  from I. must  be i n p u t  t o  the 
C H E M K I N   I N T E R P R E T E R .  

Spec i6l  Forms-- 
Some numerical methods require t h e  species  production  rates t o  be divided 

i n t o  a creation  rate and a destruction  rate,   i .e. ,  

$ = 1, - ik 
( 1 1 . 5 . 1 3 )  

[CKCDYP  ,CKCDYR, 
CKCDXP  ,CKCDXR  ,CKCOC] 

where, for non-three body reactions,  

and  

I K V ,! I K v'l . 
* [ X j ]  J i  i 1 v" k 11 [ X j ]  .J1 (11.5.15) 6, = v i i  k f  k i  r i  

i =1 i j=1 i =I  j=l  

When t1,ird body reactions  are  involved, each sum i n  the above equation i s  

multiplied by the  factor 

K ' % i  "k3 
k = l  

Another useful form for the chemical production  rates  is f o u n d  by defining 
a creation  rate and  a character is t ic  time for  the  destruction  rate,  i .e.  
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(11.5.16) 
[CKCTYP ,CKCTYR,CKCTXP , 

CKCTXR ,CKCTC] 

Here the  character is t ic  time i s  given  simply in terms o f  bk as 

Lxk 1 
7 =  

k -  
D k  

(11.5.17) 

As a precaution  against [ X k ]  and 6, simultaneously  approaching  zero,  the 
coding i s  wri tten  as 

(11.5.18) 

CKCTXR ,CKCTC] 
[.CKCTY P ,CKCTY R , CKCTXP , 

where E i s  a very small number which has been  programmed t o  be 1 x ;O-”. 

6 .  The Partial  Derivatives - 

Often the  differential   equations governing chemical rate  behavior  are 
c lass i f ied  as   numerical ly   s t i f f .  I n  such cases,   implicit  numerical methods 
are normally reqlrired for   the i r   e f f ic ien t   so lu t ion .  Imp1 ici t   solution  algorithms 
usually  rely on h a v i n g  J a c o b i a n  matr ices ,   i .e . ,   the   par t ia l   der ivat ives  of the 
rate  equations w i t h  respect t o  the  dependent variables.  I t  i s  f o r  t h i s  reason 
t h a t  the  partial  derivative  subroutines  are  included i n  the CHE:ElKIN package. 

To use the  derivative  routines  the  user must f i r s t   de r ive  the terms i n  

the Jacobiarl for  his  particular problem. This procedure  Qsually amounts t o  
writing o u t  the terms by use o f  chain ru le   d i f fe ren t ia t ion .  Then the  various 
CHEMKIN subroutines  are  call ed t o  f o rm each term of  the  Jacobian. 

Unfortunately, one  must  be very careful  in  deriving and using  Jacobian 
matrices. I t  i s  important t o  specify what i s  being  held  constilnt i n  the 
d i f fe ren t ia t ion .  We have t r ied  t o  be expl ic i t   in   s ta t ing how The derivatives 
a re  taken  in each o f  the  equations  in  the  following  sections. 

function 
speci  es, 
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One of the problems i n  d i f fe ren t ia t ing  w i t h  respect t o  species  composition 
i s  t h a t  the  concentrations  are not  independent. Suppose, for  example, t h a t  a 

f depends on pressure,  temperature, and the mole fract ions of K 
i . e . ,  



f = f(P,T,X1,X*, ... X K J  ( 1 1 . 6 . 1 )  

ilowever, since  the mole frxt ions  are   constrained t o  sum t o  1 ,  X K  

can be considered t o  depend on the  other Xk, i . e . ,  

XK = XK(X1,X2' ..., x K-1 1 ( 1 1 . 6 . 2 )  

Therefore (11.6.3)  

I f ,   fo r  example, t h e  K t h  species i s  Tiven by 

K - 1  
x K = l -  \ 1 4  x k  

k =  1 

then, 

Thus, the  constrained  derivative, 

( 1 1 . 6 . 4 )  

(11 .6 .5 )  

( I  I .6.6) 
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The CHEMKIN s u b r o u t i n e s   a l w a y s   r e t u r n   u n c o n s t r a f n e d   d e r i v a t i v e s .  

T h z t   i s ,  it i s  assumed f o r   t h e   p u r p o s e   o f   d i f f e r e n t i a t i o n   t h a t   a l l  Xk 

a re   i ndependen t .   Thus ,   t he   i n fo rma t ion   re tu rned   f rom CHEMKIN i s  always 

i n   t h e  form o f  t h e   f i r s t  t e r m  o n   t h e   r i g h t   h a n d   s i d e  o f  E q .  ( 1 1 . 6 . 3 ) .  

We have  chosen t o   w r i t e   t h e   c o d i n g   i n   t h i s  way because we b e l i e v e  i t  

i s   t h e   m o s t   g e n e r a l   a p p r o a c h .  The c h o i c e  o f  how t h e   c o n s t r a i n t   i s   h a n d l e d   i s  

t h u s  1 e f t   t o   t h e   u s e r .   E q u a t i o n  ( I I . 6 . 4 )  i s  one way t o  i m p o s e   t h e   c o n s t r a i n t  

b u t  i t  i s  by  no means the   mos t   genera l  way.  Even i f  Eq. ( 1 1 . 6 . 4 )  i s   t h e  one 

used, a choice  must   be made as t o   w h i c h   s p e c i e s   i s   t h e   d e p e n d e n t   o n e .  

7 .  Eauaticrn o f  S t a t e   D e r i v a t i v e s  

I n   t h i s   s e c t i o n   a r e   p r e s e n t e d   t h e   p a r t i a l   d e r i v a t i v e s  o f  d e n s i t y ,  

pressure,   and mean mc lecu l  a r  w e i g h t  w i  tll r e s p e c t   t o   t e m p e r a t u r e ,  mass 

f r a c t i o n ,   R o l e   f r a c t i o n  and c o n c e n t r a t i o n .  

Mean M o l e c u l a r   W e i g h t - -  

n= 1 

D e n s i t y - -  -- 

34 

.. .- 

( 1 1 . 7 . 1 )  
[CKDWBY 1 

( 1 1 . 7 . 2 )  
[CKDWBX] 

( 1 1 . 7 . 3 )  
[CXDWBC] 

( 1 1 . 7 . 4 )  
[CRDRTY ] 

(11.7.5) 
[CKDRTX] 

. 



Pressure-- --- 

! 1 1 . 7 . 6 )  
[CKDRTC] 

( 1 1 . 7 . 7 )  
[CKDRDY 1 

( 1 1 . 7 . 8 )  
[CKDRDX] 

( 1 1 . 7 . 9 )  
[ CKDRDC 1 

( 1 1 . 7  . l o )  
[CKDPTY 1 

( 1 1 . 7 . 1 1 )  
[CKDPTX] 

( 1 1 . 7 . 1 2 )  
[CKDPTC] 

(11.7.13) 
[CKDPDY 1 

( I 1  .I .14) 
[CKDPDX] 

35 



K 

n = l  
r: CxnI 

8. Mole-Mass Conversion Derviatives 

( 1 1 . 7 . 1 5 )  
[CKDPDC 1 

The following  derivative  functions  are found t o  be useful when constructing 
c h a i n  rule  expansions. As written  here,   al l   derivatives taken  with  respect t o  
one species assume t h a t  a l l  other  species  are held fixed.  Since  the  species 
concentrations  are n o t  independent some care need  be exercised i n  intepreting 
the  results.  The reader may refer t o  section 6 for  a further  discussion of t h e  
parti  a1 derv i a t i  ves. 

Mass Fraction w i t h  Respect t o  Yale Frac t ion- -  

36 

Mole Fraction w i t h  Respect t g  Mass - Fraction-- 

(11.8.1) 
[CKDY D X ]  

( 1 1 . 8 . 2 )  
[ C K D X D Y ]  

Molar Concentration w i t h  Respect t o  Mas!; Fraction,  Pressure  Fixed-- 

( I  I .8.3) 
[CKDCYP] 



Molar Cdncentration  with  Respect t o  Mass Fraction,  Density  Fixed-- 

i 

(11.8.4)  
[ C K D C Y R ]  

Molar Concentration w i t h  Respect t o  Mole Fraction,  Pressure  Fixed-- 

(11 .8 .5 )  
[ C X D C X P ]  

- Molar Concentration w i t h  Respect t o  Mole Fracticn, D2nsity  Fixed-- 

(11.8.6) 
[ C K D C X R ]  

Molar Concentration w i t h  Respect t o  Temperature,  Pressure and  Mass Fraction 
Fixed-- 

(11.8.7) 
[ CKDCTY 1 

Molar Concentration  with  Respect t o  Temperature,  Pressure and Mole Fraction 
Fixed-- 

(11.8.8) 
[CKDCTX] 
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Volar Concentration with  Respect t o  Temperature, Densit,y Fixed 

Molar Concentration w i t h  Respect t c  Density, Temperature a n d  Mass Frac t ion  - 
Fixed 

(11.8.10) 
[ C K D C R Y  3 

(11.8.11) 
[ C K D C R X ]  

(11.8.12) 
[CKDCPY] 

'k 
a P  

(11.8.13) 
[ C K D C P X ]  
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9.  Thermodynamic Property  Derivatives 
Since  the  standard s t a t e  thermodynamic properties are functions o f  

temperature  alone,  only  temperature  derivatives need t o  be considered. They 
are given i n  the  following  equations  in molar uni ts .  

(11.9.1) 

a H k  
2-l- 

N 
= R 1 a n k  T (n-1)  

n =  1 

[: C K D C P L ;  

( 1 1 . 9 . 2 1  
[ C K D H M L ]  

( I i  .9.3) 
[: CKDSML 1 

The other thermodynamic properties  are  written i n  terds o f  t h e  above three.  

( 1 1 . 9 . 4 )  
[CKDCVL]  

a K k  
T -  

(11 .9 .5 )  
[ C X D U M L ]  

( 11 .9 .6 )  
[CKDGML] 

( 1 1 . 9 . 7 )  
[CKDAML: 

The property  derivatives i n  mass units  are  determine? simply by dividing  the 
derivatives  in molar units by the  molecular  weights, i . e . ,  



a h k  - 1 a Hk T - n , T -  

(11.9.8) 
[CKDCPS] 

(11.9.9) 
[CKDHMS] 

(11.9.10) 
[CKDSMS] 

(11.9.11) 
[ C K D C V S ]  

(11.9.12) 
[CKDUMS] 

(I I .9.?.3) 
[ CKDGMS] 2 !I; - 1  a G i  

3- - q XT- 
0 a ak  - 1  a A: 

T-- - -  Nk Tr- 

10. C h e m i c a l   R a t e   E x p r e s s i o n   D e r i v a t i v e s  

I n  t h ! s   s e c t i o n  we g i v e   t h e   p a r t i a l   d e r i v b t i v e s  o f  the  c h e m i c a l   o r o d u c t i o i i  

r a t e s  wi th  r e s p e c t   t o   t e m p e r a t u r e ,   p r e s s u r e ,   d e n s i t y  ms;s fract i . ;n,  mole 

f r a c t i o n ,   d n d   c o n c e n t r a t i o n .  

T e m p e r a t u r e   D e r i v a t i v e s ,   P r e s s u r e   a n d   E i t h e r  Hass F r a c t i o n  or P a l e  
' F r a c C i o n F l - i f - F i  xed--  

The t e m p e r a t u r e   d 2 r i v a t i v e s  of t h e   c h e m i c a l   p r o d u c t i o n   r a t e s   a r e   f o u n d  

-- -- 
-____-_- 

f r o m   d i f f e r e n t i a t i o n   o f  Eq. ( 1 1 . 5 . ? ) :  

( 1 1  .IO.l) 
- 
- 1 " k i  

I a 9 i  [CKDTYP  ,CKDTYR ,CKDTXP,  
CKDTXR ,CKDTC] 

i=l 
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Referring  to E q .  (11.5.4) i t  may be seen 

The reverse  rate  constants,  defined by E q .  (11 .5 .6 ) ,  are  also  functions 
of temperature  alone a n d  are  differentiated below. 

where, from E q .  (11.5.71,  i t  may be seen t h a t :  

r 1 
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which  i s  condensed t o  

( 11.10.5) 

where 

Then  from E q s .  (11.9.2)  and  (11.9.3) i t  may be f o u n d   t h a t  

( 1 1  A0.6) 

(11.10.7) 

Consider  now t h e   t e m p e r a t u r e   d e r i v a t i v e s   o f   t h e   m o l a r   c o n c e n t r a t i o n  

produc ts   wh ich   appear  i n  E q .  (11 .10 .2) .  

a K V I  K (wii-1) a [ X k I  K V I  k i  - 
j--f 11 iXk1 - z V i i  [x,] ' a f  I1 [ X j ]  

ji (11.10.9) 
k= 1 k =  i j= l  

j # k  

A s i m i l   a r   e x p r e s s i o n  i s  f o u n d   f o r   t h e   l a s t   t e r m   i n  E q .  ( I I .13.2)  except 

t h a t  w , ' ~  i s  rep1  aced by w;li. No te  a1  so t h a t  i f  n o   [ X k ] ' s   a r e   z e r o   t h e n  

E q .  ( 11.10.9) may b e   r e d u c e d   t o  
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The temperature  derivatives of  concentration, depending on w h a t  i s  being  held 
constant, are given by Eqs. (11.8.7) t h r o u g h  (11.8.9). 

Consider now the s l ight ly  rnore complicated form of  the  rLte o f  progress 
variab:e when t h i r d  body interactions  are  included. In  th is   case E q .  (11.5.11) 
i s Ci fferenti  ated  as f o l  lows. 

(11.10.11) 

A1 1 terms i n  the above expression have a1 ready been  ev'al uated  except 

(11.10.12) 

To o b t a i n  the 
d i f f e ren t i a t e  € q .  

(11.10.13) 
[CKDWYP,CKDWYR] 
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D i f f e r e n t i a t i o n   o f  E q .   ( 1 1 . 5 . 4 1 ,   n o t i n g   t h a t   k f i   a n d   k r i   a r e   f u n c t i o n s  

o f   t e m p e r a t u r e   a l o n e ,   y i e l d s  

(11.10.14)  

where 

j+ k 

A s i m i l a r   e x p r e s s i o n  i s  o f   c o u r s e   f o u n d   f o r   t h e   s e c o n d   t e r m   i n  Eq. (11.10.15)  

where v i i  i s  rep1  aced by v i i  . As w i t h   t h e   t e m p e r a t u r e   d e r i v a t i v e s ,  

n o t e   t h a t  i f  none o f   t h e  [X , ]  a r e   z e r o   t h e n  Eq. (11.10.15) may be   reduced  to  

K 
a rl c x k 1  'ii = ( 2" V i i  [X,] -1 

-T a'xk1)( il (Xk]"ki) ( I I .  10.16) 
k = l  k =  1 

I n   t h e  above  equat ions   the  mass f r a c t i o n   d e r i v a t i v e s  o f  m o l a r   c o n c e n t r a t i o n  

a r e   g i v e n  by e i t h e r  Eq. (11 .8 .3 )   o r   (11 .8 .4 )   depend ing   on   whether   p ressure   o r  

d e n s i t y   i s  he1 d f i x e d .  

The d e r i v a t i v e s   o f   t h e   r a t e   o f   p r o g r e s s   v a r i a b l e  when t h i r d  b o d y   i n t e r a c -  

t i o n s   a r e   i n c l u d e d   a r e   g i v e n  by d i f f e r e n t i a t i o n   o f  Eq. (11.5.11) .  

A1 1 terms i n   t h e  above  express ion  have a1 ready   been  eva lua ted   except  
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(11.10.18) 

where a [ X k ] / a Y n  i s  g i v e n   b y   e i t h e r  Eq. (11.8.3) o r  (11.8.4)  dependins  on 

w h e t h e r   p r e s s u r e   o r   d e n s i t y   i s  he1  d f i x e d .  

Mol e F r a c t i o n   D e r i v a t i v e s ,   T e m p e r a t u r e   a n d   E i t h e r   P r e s s u r e   o r   D e n s i t y  He1 d 
TI xed-- 

M o l e   f r a c t i o n   d e r i v a t i v e s   o f   t h e   s p e c i e s   p r o d u c t i o n   r a t e s   a r e   f o u n d   b y  

d i f f e r e n t i a t i o n   o f  Ea,. (11.5.2) a s  

N o t i n g   t h a t   k f i  and k r i   a r e   f u n c t i o n s   o f   t e m p e r a t u r e   a l o n e ,  

Eq. (11.4.4) i s   d i f f e r e n t i a t e d  as f o l l o w s  

where 

j +k 

(11   . iO .19 )  
[CKDWXP ,CKGLIXR] 

(11.10.20) 

(11.10.21) 

A similar Zxpress ion  i s  f o u n d   f o r   t h e   s e c o n d   t e r m   i n  Eq. (11.10.20)  where 

vii i s rep1  aced  by . A g a i n   n o t e   t h a t  i f a1 1 [X,] a r e  

non-zero   then Eq. ( 11.10.21) may be  reduced t o  

K - a 11 Ex,] -1 I: I x k  1 'ii) (11.10.22) 

a X n   k = l   k = l   k = l  

I n   t h e   a b o v e   e q u a t i o n s   t h e   m o l e   f r a c t i o n   d e r i v a t i v e s   o f   m o l a r   c o n c e n t r a t i o n  

a r e   g i v e n  by e i t h e r  Eq. (11 .8 .5 )   o r   (11 .8 .6 )   depend ing   on   whether   p ressure   o r  

d e n s i t y  i s  h e l d  f i x e d .  The d e r i v a t i v e s   o f   t h e   r a t e  o f  p r o g r e s s   v a r i a b l e  
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when third body interactions  are  included  are siv2rl by d i f fe ren t ia t ions  o f  Eq.  

(11.5.11). 

A1 1 terms  in the above expression have a1 ready been evaluated  except 

(11.10.24) 

where a [ X k ] / a X n  i s  given by e i the r  E q .  (11.8.5)  or  (11.8.6) depending on whether 
pressure  or  density i s  held  fixed. 

Concentration  Derivatives. TemDerature and Either  Pressure  or Density He1 d 
Fixed 
To o b t a i n  molar concentration  derivatives of the  species  production  rates 

d i f fe ren t ia te  E q .  (11 .5 .2 )  as  follows. 

( I  I .  10.25) 
[CKDWC] 

Since k f i  a n d  kri  are  functions of temperature  alone,  differentiation 
o f  E q .  (11 .5 .4 )  yields  

where 
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A similar  expression i s  of  course f o u n d  for  the second  term i n  E q .  (11.10.26) 
where u i i  i s  replaced by u i i .  Since a [ X k ] / a [ X n ]  equals 0 for k # n  
ar?d 1 for  k=n,  the summation i s  n o t  needed,  thus 

a K -1 K (11.10.28) 

k = l  
n [XklUhi = " A i  [xnlu;i ,n [Xj lu j i  

j = l  
j # n  

ta*r+hermr\ra , ul  L, l  L ,  i f  21 1 [ X k ]  are non-zero the  expression can be reduced t o  

K I K I (11.10.29) a 
11 [ x k l U k i  = u~ n i  [xn ] - '  [xj]"ji  

n k = l  j=1 

The derivatives of the  rate of progress  variable when third body 

interactions  are  included  are given by different ia t ion of E q .  (11.5.11) 

a q j  K V I  k i  K vi'') (11.10.30) 
a 1 x n 3  = a q .  a (' k = l  1 Ok i [x , ]  ) f f i  k =  11 1 [x,] - kri k = l  11 [x,] 

a K  l a K 
' ( ! 'ki [xkl)( ' f .  aiX,l 11 [ x k l U k i  - k r .  TJ 11 [ X k l u k i  

k =  1 1 k = l  1 k =  1 1 
All  terms i n  the above expression have already been evaluated  except 

~eJ ( 1" aki LxkI)  = u n i  
k = l  

Pressure  Der?vatives, Temperature a n d  Either Mass Fracticn  or Mole Fracti.1n 
He1 d Fixed-- 
To obtain  the  pressure  derivatives o f  the  species  production  rates 

- 

di f fe ren t ia te  E q .  ( 11 .5 .2 )  as 

I a q i  (11.10.32) 
ki aP [ CKDWPY, CKDWPX]  
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Differentiation o f  E q .  (11.5.41,  noting t h a t  k f i  a n d  kri  are  functions 
o f  temperature  alone,  yields 

where 

(11.10.33) 

I n  the above equations  the  pressure  derivatives o f  molar concentration 
are  given by e i ther  E q .  (11.8.12)  or  (11.8.13) depending on whether mass 
f ract ion or mole f rac t ion   i s  held  fixed. 

The derivatives o f  the  rate o f  progress  variable when third body interac- 
tions  are  included  are  given by different ia t ion of E q .  (11.5.11). 

A1 1 terms  in  the above expressior! have a1 ready been evaluated  except 

(11.10.37) 
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where a[X,]/aP i s  given by e i ther  E q .  (11.8.12) o r  (11.8.13) depending on 
whether mass f ract ion o r  mole fraction  is  held  fixed. 

Density Derivatives, Temperature and Either Mass Fraction or Mole F r a c t i o n  
HFl7fTi-xed- - 
To obtain  the  density  derivatives of the  species  production  rates 

~~~ 

di f fe ren t ia te  E q .  (11.5.2)  as 

(11.10.38) 
[ C K D W R Y  ,CKDWRX] 

Differentiation of E q .  ( 1 1 . 5 . 4 1 ,  noting t h a t  k f  i and  kri  are 
functions of temperature a1 one, y i  el ds 

(11.10.39)  

where 

A similar  expression  is of  course f o u n d  for the  second term i n  E q .  (11.10.40) 
where vii i s  replaced by v t i .  As with t h e  temperature  derivatives, 
note t h a t  i f none of the [X,] are  zero then E q .  ( I I .  10.40) may be reduced t o  

I n  the above equations  the  density  derivatives of molar concentration  are 
given by e i ther  Eq. (11.8.10) or (11.8.11) depending on whether mass f ract ion 
or mole fract ion  is  he1 d fixed. 

The derivatives o f  the  rate of  progress  variable when third body interac- 
tions  are  included are  given by different ia t ion of E q .  (11.5.11). 
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A1 1 terms .in the above expression have a1 ready been evaluated  except 

K a[ xk  1 
k ( kil oki [',I) = k = l  1 Oki 7 (11.10.43) 

where a [Xk] / ap  i s  given by e i t h e r  E q .  (11.8.10)  or  (11.8.11) depending on 
whether mass fraction or mole f r ac t ion   i s  held  fixed. 

11.  Scnsi t i v i  t y  Parameters 

There i s   o f ten  a great deal of uncertainty i n  the rate  constants for a 
reaction mechanism. I t  i s ,  therefore,   desirable  to have an  a b i l i t y  t o  
q u a n t i f y  the  effect  of a n  uncertain parameter on the  solution t o  a problem. 
Sens i t iv i ty   ana lys i s   (c f . ,  Ref. 4 or 5 )  i s  a technique w h i c h  i s  used t o  help 
achieve t h i s  end. To a p p l y  a sensi t ivi ty   analysis   to  a chemical ra te  mechanism 
i t  i s  necessary t o  have partial  derivatives o f  the  production  rates of the li 
species  with  respect t o  parameters i n  the  rate  constants for the I chemical 
reactions. 

Consider differentiating  the chemical production  rate of the k t h  
species, Li, w i t h  respect t o  the forward  rate  constant of t h e  i t h  reactionj 
k f i .  Begin by rewriting Eqs. ( 1 1 . 5 . 2 )  t h r o u g h  (11.5.6) t o  yield an 
expression for the  production r a t e  of the k t h  species  in terms of k f i  

(11.11.1) 

Different'ation  with  respect t o  k f i  readily  yields 
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V '  k:' k 
- -  

i 1 

( 1 1 . 1 1 . 2 )  
[CKSKYP,CKSKYR,CXSKXP,  

C X S K X R  , C K S K C ]  

S i n c e   t h e   r a t e   c o n s t a n t   k f i   i s   s p e c i f i e d   i n   t e r m s   o f   t h e   p a r m e t e r s  A i ,  B i ,  

and E i  i n  Eq. ( 1 1 . 5 . 5 )  i t  may b e   u s e f u l   t o   h a v e   t h e   p a r t i a l   d e r i v a t i v e s  

w i t h   r e s p e c t   t o   t h e s e   p a r a m e t e r s   b e s i d e s   w i t h   r e s p e c t   t o   t h e   o v e r a l l   r a t e  

c o n s t a n t .   D i f f e r e n t i a t i o n   o f  Eq. (11.5.51, t o g e t h e r   w i t h  Eq. ( I I . l l . Z ) ,  e a s i l y  

y i e l d s   t h e   r e q u i r e d   r e 1   a t i o n s h i p s  

*i -TBi R T  exp(-E./R T )  .k a Wk 

fi 
I C  a 

( 1 1  J 1 . 3 )  
[CKSAYP ,CKSAYR , C K S A X P ,  

C K S A X R  , C K S A C ]  

( 1 1 . 1 1 . 4 )  

CKSBXR ,CKSBC] 
[ C K S B Y P , C K S B Y R , C K S B X P ,  

( 1 1 . 1 1 . 5 )  
[ C K S E Y P  , C K S E Y R , C K S E X P ,  

C K S E X R , C K S E C ]  

N o t e   t h a t  i f  a r e a c t i o n  i s  a t h r e e   b o d y   r e a c t i o n   t h e n  Eq. ( 1 1 . 1 1 . 1 )  

wou ld   be   mod i f i ed  a s  i n  Eq. ( 1 1 . 5 . 1 1 )  t o  be 

Eq. ( 1 1 . 9 . 2 )  w o u l d   t h e r e f o r e   b e   m o d i f i e d  as  
! 

f o r   t h i r d  b o d y   r e a c t i o n s .  

i ( 1 1  J 1 . 6 )  

( 1 1 . 1 1 . 7 )  
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. 
111. The Mechan ics   o f   Us ing  CHEMKIN 

U s i n g   t h e  C H E M I N  p a c k a g e   r e q u i r e s   t h e   m a n i p u l a t i o n   o f  a number o f  

p r o g r a m s ,   s u b r o u t i n e s ,   a n d   d a t a   f i l e s .   T h i s   c h a p t e r   d e s c r i b e s   t h e   s t r u c t u r e  

o f   t h e   p a c k a g e  and t h e   j o b   c o n t r o l   l o g i c   w h i c h   i s   r e q u i r e d   t o   e x e c u t e  a 

p rog ram  us ing   t he   package .   i n   Chap te r  IV a r e   d e t a i l s  on how t o   s p e c i f y  

r e a c t i o n  and  thermodynamic  in format ion.  The s u b r o u t i n e   d e s c r i p t i o n s   f o r   t h e  

G a s - P h a s e   S u b r o u t i n e   L i b r a r y   a r e   g i v e n   i n   C h a p t e r s  V and VI. 

1. S t r u c t u r e   o f  CHEMKIN 

The g e n e r a l   s t r u c t u r e   o f   t h e  CHEMKIN package i s  shown i n   F i g u r e  2.  The 

INTERPRETER i s  a program which  reads a s y m b o l i c   d e s c r i p t i o n  o f  a r e a c t i o n  

mechanism,  and  then  ext racts   the  needed  thermodynamic  data  for   each  spec ies 

i n v o l v e d   f r o m   t h e  Thermodynamic  Data  Base. The p r i m a r y   o u t p u t   f r o m   t h e  

INTERPRETER i s  a b i n a r y   f i l e   w h i c h  we c a l l   t h e   L i n k i n g   F i l e .   T h i s   f i l e  

c o n t a i n s   n u m e r i c a l   i n f o r m a t i o n   w h i c h   d e s c r i b e s   t h e   e l e m e n t s ,   s p e c i e s ,   a n d  

r e a c t i o n  mechanism. 
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DESCRIPTION OF THEUMODYNAMIC 

REACTION  MECHANISM DATA BASE 
I L 

I + + I 

INTERPRETER 

L LINKING FILE 

INITIALIZE  CHENKlN  WORK 
SPACE IN USER CODE 

i 
CALL CHEMKIN SUBROUTINES 

F R O M  USER CODE 

F i g u r e  2. S t r u c t u r e   o f   t h e  CHEMKIN package 



I n   a d d i t i o n   t o   t h e   L i n k i n g   F i  1 e ,   f o u r   o t h e r  f i l  es  are  needed  by  the 

INTERPRETER. The i n p u t   t o   t h e  INTERPRETER i s  r e a d   f r o m   f i l e   L I N   ( p r o g r a n l m e d  

as TAPES) a n d   p r i n t e d   o u t p u t   i s   d i r e c t e d   t o  LOUT (programmed  as  TAPE6). The - 
p r i n t e d   o u t p u t   c o n t a i n s  a l i s t i n g  of t he   e lemen ts ,   spec ies ,   and   t he   reac t i on  

mechanism,  and i t  p r o v i d e s   d i a g n o s t i c   e r r o r  messages i f  they  should  be  needed.  

The L i n k i n g   F i l e   i s   w r i t t e n  on  LINK  (programmed  as  TAPE95). The l o g i c a l  

f i l e  number f o r  L INK  must   be  dec lared  both i n   t h e  INTERPRETER ( s o  i t  can 

b e   w r i t t e n )  and i n   t h e   u s e r   c o d e  ( s o  t h a t  i t  c a n   b e   r e a d   b y   t h e   i n i t i a l i z a t i o n  

s u b r o u t i n e ) .  

A t  l e a s t  one, b u t   u s u a l  l y  two, f i l e s   a r e  needed  by  the INTERPRETER t o  

man i   pu l   a te   the   thermodynamic   da ta .   Deta i l s  on the   f o rma t   o f   t he   t he rmodynamic  

d a t a   a r e   f o u n d   i n   S e c t i o n   I V . 2 .  The Thermodynamic D a t a  Base i s  assumed .to be 

on f i l e  LTHRM ( p r o g r a m e d   a s  TAPE91). I n t e r n a l   t o   t h e  INTERPRETER the   thermo-  

dynamic p r o p e r t i e s   a r c   m a n i p u l   a t e d  on LDATA (programmed  as  TAPE93). LTHRM 

can  be a l a r g e   f i l e  wh.ich c o n t a i n s   i n f o r m a t i o n   o n  many s p e c i e s ,   m o s t   o f   w h i c h  

a r e   n o t  needed f o r  any g i v e n   p r o b l e m .   D a t a   c a n   a l s o   b e   r e a d   f r o m   i n p u t   w h i c h  

will add t o   o r   o v e r r i d e  ( l a t a  on LTHRM.  A1 so,  a l l   t h e   t h e r m o d y n a m i c   d a t a  

can   be   read   f rom  i npu t  ani1 t h e  Thermodynamic  Data  Base  does  not  need t o   b e  

used. The f i l e  LDATA i s  u;ed by   the  INTERPRETER t o   s t o r e   p r o p e r t i e s   o f   o n l y  

those  spec ies   wh ich   appear  i n  t h e   p a r t i c u l a r   r e a c t i o n  mecllanism  which i s  b e i n q  

cons ide red .  

Once t h e  INTERPRETER hds beer: executed  and t h e   L i n k i n g   F i l e   c r e a t e d , *   t h e  

u s e r   i s   r e a d y   t o   u s e   t h e  Gas-Pbase S u b r o u t i n e   L i b r a r y .  These s u b r o u t i n e s   a r e  

c a l l e d   f r o m   t h e   u s e r ' s  FORTRAN code. The u s e r ' s   f i r s t   s t e p   m u s t   b e   t o   d i m e n s i o n  

t w o   w o r k   d r r a y s   ( o n e   i n t e g e r   a n d   o n e   f l o a t i n g   p o i n t )   a n d   t h e n   c a l l   t h e   i n i t i a l   i z a -  

t i o n   s u b r o u t i n e ,  C K I N I T ,  ( s e e  Sec :ion V .  1 )   t o   c r e a t e   t h e   w o r k   a r r a y s   f r o m   t h e  

L i n k i n g   F i  1 e. These  work  arrays a,-e r e q u i r e d   i n p u t   t o   e v e r y   o t h e r   s u b r o u t i n e  

i n   t h e  CHEMKIN package. 

S e l e c t i o n   o f   w h i c h   o f   t h e  CHEMKIN sub rou t ines   a re   needed   fo r   any   g i ven  

p r o b l e m   b e g i n s   b y   f i n d i n g   t h e   a p p r o p r i a t e   e q u a t i o n s   i n   C h a p t e r  11. Most 

- 
*The L i n k i n g   F i l e  will n o t  be   c rea ted  if t h e r e   a r e   e r r o r s   i n   t h e  INTERPRETER 

i n p u t .  
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equations  give a reference t o  a subroutine name for w h i c h  the i n p u t  a 
1 ists  are  described  in  Chapters V and  VI. Normally on ly  a few o f  the 

nd o u t p u t  
subroutines 

i n  the package woul d be called f o r  any one problem. Therefore,  the  subroutine 
package  should be implemented in a 1 i b ra ry  format  so t h a t  only those  routines 
which are a c t u a l l y  called by the  user 's  code are l o a d e d  a t  the time of execution. 

2 .  Job  Control 

Listed  here  is a brief  outl ine of the  required  steps t o  run a program 
using C H E M K I N .  I t  i s  assumed t h a t  the I N T E R P R E T E R  i s  a1 ready i n  a compiled 
form and t h a t  a 1 ibrary o f  the precompiled CHEMKIN gas-phase  subroutines has 
been created. 

1. Execute the I N T E R P R E T E R  

File  declaration: 

I n p u t  

L I N  (defaul t  T A P E 5 1  - Card  image input 
LTtIRM (defaul t  T A P E 9 i )  - Thermodynamic Data Base 
( I f  a l l  thermodynamic d a t a  come  from input, LiN, then L T H K M  need not  be 
present. ! 

Scratch 

L D A T A  ( default, TAPE93)  - Coded 

o u t p u t  

LOlJT (defaul t T A P E 6 1  - P r i n t   f i l e  
L I N K  (defaul t  T A P E 9 5 )  - Binary f i l e  used 5 ater  as i n p u t  t o  the 

gas-phase  subroutine package 

2.  Compile user ' s  code 

3. Execute user ' s  code a l o n g  w i t h  any Referenced CHEMKIN subroutines. 

The CHEMKIN subroutines should be i n  a 1 ibrary i n  prccallpi 1 ed form. 

File  declaration: 

I n p u t  

LINK ( defaul t TAPE95 ) - The b i n a r y  f i l e  c,-eateri by the I N T E R P R E T E R .  

Any other f i  1 es needed by the  user  code. 

55 



The f o l l o w i n g  i s  ar: example o f   t h e  

execu te  a p r o l r a m   t h a t   u s e s  CHEMKIN.  

I n s   t r u c t i  on 

ATTACH,INTERP,ID=INTERP. 

ATTACH,TAPEgl,THRMDAT,ID=THRMDAT. 

INTER?. 

F T N .  

ATTACH,CKLIB,ID=CKLIB. 

LDSET(LIB=CKLIB) 

LGO. 

(end  of r e c o r d )  

CHEMKIN INTERPRETER i n p u t  

(end  of r e c o r d )  

U s e r ' s   F o r t r a n  Code 

(end  o f  r e c o r d )  

U s e r ' s   i n p u t  

I m d  o f  r e c o r d )  

NOS-BE c o n t r o l   c a r d s   w h i c h   a r e   n e e d e d   t o  

- 
Meaning 

Get INTERPRETER 

Get  Thermodynamic D a t a  Base 

Execute INTERPRETER and 
c r e a t e   L i n k i n g   F i  1 e 

Cornpil e Users Code 

Get  Gas-Phase  Subrout i   ne  L ibrary 

C o l l e c t  and l o a d  CHEMKIN sub- 
r o u t i n e s   w h i c h   a r e   r e f e r e n c e d  
i n   U s e r ' s  Code 

Execu te   User ' s  Code 
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. 
IV. Using the INTERPRETER 

The I N T E R P R E T E R  i s  used to  read  (from f i l e  L I N )  a symbolic description o f  
an elementary chemical reaction mechanism, and  create a f i l e  ( L I N K )  of numerical 
infomation a b o u t  t h a t  mechanism. The LINK f i l e  i s  subsequently  accessed by 

various  subroutines t o  provide in fo rma t ion  on equation of s t a t e ,  thermodynamic 
properties,  and chemical production  rates. The four  types o f  i n p u t  reqgired 
t o  the I N T E R P R E T E R  are i n f o r m a t i o n  on elements, thermodynamic data,   species,  
a n d  the  reaction mechanism. 

I n p u t  information on f i l e  L I N  i s  given  in 80-column card image fonnat. 
E:ement Cards are read f i r s t .  THERMO cards ( i f  used)  are  second,  followed by 

Species  Cards, w i t h  Reaction Cards l a s t .  The THERMO cards  are  optiocsl. The 
Thermodynamic d a t a  for the  species may come from input ( f i l e  L I N )  or i t  may 
come enti  rely from a d a t a  base ( f i l e  L T H R M )  . The syntax for the feu:- types of  
input  is  described i n  the  following  sectisns. 

With the  exception o f  the thermodynamic d a t a  a l l  i n p u t  i s  forn.3t f ree .  
For the thermodynamic d a t a  we have chosen t o  use the same fo rma t  as used i n  

the N A S A  Chemical Equilibrium code by Gordon and McBride.(3)  Since th i s  code 
i s  alrecldy in wide use,  the d a t a  base  provided w i t h  i t  i s  an excellent  source 
of  thermodynami c d a t a .  

1. Element Cards 

A l l  chemical species i n  the  reaction mechanism  must  be  composed of 
chemical elements  or  isotopes of chezical  elements. Each element a n d  isotope 
must be identified on an Element. Czrd ( o r  cards) .  The elements and isotopes 
are a1 1 identified by one- or two-charac ter symbols. The purpose of  the 
Element Cards i s  t o  associate atomic heights of the  elements w i t h  t h e i r  
character symbol representations, a n d  t o  identify  the  order i n  which arrays of  
element  information i n  the Gas-Phase Subroutine  Library  are  referenced. For 
example, a n  array o f  atomic  weights for the  elements w o u l d  be i n  exactly  the 
same order i n  which the  elements were declared on the Element Cards. I n  other 
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words i f  

t h e  atom 

F o r  

t h e  atom 

t h e   a t o m i c   w e i g h t s  were   s to red  i n  an   a r ray  AWT, 

i c   w e i g h t   o f   t h e   t h i r d   e l e m e n t   d e c l a r e d  on the   E lement   Cards .  

t he   e lemen ts   wh ich   appear   on   t he   pe r iod i c   cha r t , *   t he  INTERPRETER has 

l i c   w e i g h t   ( g / m o l e )   s t o r e d   i n t e r n a l l y .   F o r   i s o t o p e s  a 3ne- o r   t w o -  

c h a r a c t e r   s y m b o l   m u s t   b e   d e f i n e d   t o   i d e n t i f y   t h e   i s o t o p e ,   a n d   b o t h   t h e  symbol 

a n d   t h e   a t o m i c   w e i g h t   ( g / m o l e )   o f   t h e   i s o t o p e   m u s t   b e   r e a d   i c .  The  same 

symbol  must  be  used i n   t h e  t h e r m o d y n a m i c   d a t a   t o   i d e n t i f y   t h e   e l e m e n t a l  make- 

up o f   s p e c i e s   i n v o l v i n g   t h e   i s o t o p e .  Once an isotope  has  been so d e f i n e d ,  i t  

i s  t r e a t e d   e x a c t l y   a s  a  new e lement .  

The f i r s t  E lement   Card   must   con ta in   the   word  ELEMENTS s t a r t i n g   i n  Colgmn 1. 

I t  i s  t hen   f o l   l owed   by  any  number o f   c a r d s   w h i c h   s p e c i f y   t h e   e l e m e n t s .  

Element  symbols may appear   anywhere  on  the  cards,   but   e lements  on  the same 

c a r d   m u s t   b e   s e p a r a t e d   b y   b l a n k s .   A f t e r   a l l   e l e m e n t s   a r e   s t a t e d ,   t h e   f o l l o w i n g  

c a r d  m c s t  con ta in   the   word  END s t a r t i n g   i n  Column 1. 

I f  an e lement  i s  o i l  t h e   p e r i o d i c   c h a r t ,   t h e n   o n l y   t h e  symbol i d e n t i f y i n g  

the  element  need  appear nn the   E lement   Card .   Far   i so topes   the   a tomic  

w e i g h t s   m u s t   f o l l o w   t h e   i d e n t i f y i n g  symbol  and  be de l  imi t e d  by s l  dshes ( / )  . 
The  at,ornic w e i g h t s  may be i n   i n t e g e r ,   f l o a t i n g   p o i n t ,   o r  E f o r m a t  (e .g . ,  

2 ,  2.0, . . ? E l ) .  For   example ,   the   i so tope  deuter ium ~ o u l d  be i d e n t i f i e d  a s  

D/2 .014/ .  I n   a d d i t i o n ,  i f  d e s i r e d ,   t h e   a t o m i c   w e i g h t   o f  an element i n   t h e  

p e r i o d i c   c h a r t  may b e   a l t e r e d   b y   i n c l u d i n g   t h e   a t o m i c   w e i g h t  s s  i n p c t   j u s t   a s  

though  the  e l   ement   were  an  isotope.  

S e v e r a l   e q u i v a l e n t  ways t o   d e s c r i b e   e l e m e n t   i n f o r m a t i o n   a r e  shown i n  

F i g u r e  3 .  I n   t h i s  example   the   e lements   a re   hydrogen,   oxygen  and  n i t rogen.   and 

t h e   i s o t o p e   d e u t e r i u m .   T a b l e  I surnmi;rizes  t.ne r i l l e s   f o r   E l e m e n t   C a r d s .  

+r The e l e m e n t s   t h a t  CHEMKIN r e c o g n i z e s   a r e :  

H 
NA 
sc 
GA 
NB 
SB 
PM 
LU 
TL 
PA 
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ti E 
MG 
T I  
GE 
MO 
TE 
571 
HF 
PB 
U 

L I  u F. B 
AL S I  P 
V CR M N 
AS SE BR 
TC RU RH 
I XE CS 
EU GD PB 
TA W RE 
B I  PO AT 
NP PU AM 

C 
S 
FE 
KR 
PD 
B A 
DY 
os 
R ti 
CM 

N 0 
CL AR 
co N I  
RB SR 
AG CD 
LA CE 
HO ER 
IR PT 
FR R A  
BK CF 

F NE 
K CA 
cu ZN 
Y Z R  
I N  SN 
Pi? ND 
TM YB 
AU ti G 
AC TH 
E S  FM 



. 
ELEMENTS 
H D / 2 . 0 : 4 /  0 
EN C 

ELEMENTS 
H 0/2.014/ 

0 N 
END 

N 

Figure 3. Equivalent Ways t o  Describe Element Information 

T A B L E  I .  SUMMARY OF THE RULES FOR E L E M E N T  CARDS 

1. The f i r s t   ( l a s t )  Element Card mcst ccntain  the word ELEMENTS ( E N D )  s tar t ing 
i n  C o l u m n  1. A1 1 other columns o n  this  card  are  ignored. 

2 .  Element or isotope names are   e i ther  one- or  two-character  symbols. 

3 .  An isotope name ( i . e . ,  a name n o t   o n  the  periodic c h a r t )  must be followed 
by i t s  rltomic weight  (g/mole)  delimited by slashes. 

4 .  tach  element or isotope may be declared  only  once. 

5 .  The element or  isotope  declarations may appear anywhere on the  cards. 

6 .  Any number of  element or  isotope dec: arations may appear on a card. Thus 
more t h a n  one card may be used. 

7 .  Element or isotope  declarations which appear on the same card must be 
separated by a t  l e a s t  one b l a n k  sgace. 

8. An element or isotope  declaration which begins on one card may n o t  
' continue t o  the  next  card. 

9 .  A n  elemept  or  isotope  declaration may end i n  Column 80 o f  one card and  
;he next  declaration may begin  in Column 1 o f  the  next  card. 

10. Any b l a n k  spaces between the  isotope symbol a n d  the f i r s t  slash  are 
ignored a n d  any b l a n k  spaces between the  slashes arld the  atomic  weight  are 
a1 so ignored. However, no blank spaces  a,re d l  1 owed within  the  atomic 
weight. 



2 - . Thermodynamic  Data 

Any chemica l   spec ies   wh ich   appears  i n  a problem  must  have  thermodynamic . 
d a t a   a s s o c i a t e d  wi th  it. These d a t a  may b e   - e i t h e r   e x t r a c t e d   f r o m  a d a t a  

base ( f i l e  LTHRM) , o r   r e a d   f r o m   i n p u t   ( f i l e   L I N ) ,   o r  b c o m b i n a t i o n   o f   b o t h .  

I f  a l l   t h e  the rmodynamic   da ta   a re   t o   be   ex t rac ted   f rom  the   da ta   base ,   t hen   no  

thermodynamic  card  inpGt  i s   r e q u i r e d .  However, i f  t h e   G s e r   w i s h e s   t o   o v e r r i d e  

i n f o r m a t i o n   i n   t h e   d a t a   b a s e  or t o   p r o v i d e   d a t a  on   spec ies   no t  ir t h e   d d t a  

b a s e ,   t h e n   c a r d   i n p u t  i s  needed. I n  a n y   c a s e   t h e   f o r m a t   f o r   t h e   i n f o r m a t i o n  

i s  a lways   the  same. 

The fo rmat   used  (see   Tab le  1 1 )  i s  d m i n o r   m o d i f i c a t i o n  o f  t ha t   used   by  

Gordon  and  McBride3 for   the  thermodynamic  data  base i n   t h e  N A S A  Chemica'l 

E q u i l i b r i u m   c o d e .  Our m o d i f i c a t i o n   a l l o w s   f o r   t h e   p o s s i b i l i t y   o f  a d i f f e r e n t  

m i d p o i n t   t e m p e r a t u r e   f o r   t h e   f i t s   t o   t h e   p r o p e r t i e s   o f   e a c h   c h e m i c a l   s p e c i e s .  

Ne a l s o   d l l o w  a s p e c i e s   t o   b e  composed o f  a maximum OF f i v e   e l e m e n t s ,   n o t   f o u r .  

However ,   t he   f o rma t t i ng  i s  such t h a t   t h e  CHEMKIN INTERPRETER can  use  the NASA 

d a t a   b a s e   d i r e c t l y   w i t h o u t   a n y   m o d i f i c a t i o n .  

As i n d i c a t e d   i n   T a b l e  11, t h e   p e r t i n e n t   i n f o r m a t i o n   i n c l u d e s   t h e   s p e c i e s  

name, t h e   e l   m e n t a l  make up o f   t h e   s p e c i e s ,  and the   t empera tu re   ranger   ove r  

wh ich   t he   po l ynomia l  f i t s  t o  thermodynamic  data  are V a l  i d .  The f i t s  t o  

C b / R ,  H " / R T ,  and S " / R  c o n s i s t   o f  s e v e n   c o e f f i c i e n t s   f o r   t w o   t e m p e r a t u r e  

ranges   [see  Eqs.  (11.4.6)  through  (11.4.811. 

When thermodynamic   card   inpu t  i s   r e q u i r e d ,  .:t m u s t   i m m e d i a t e l y   f o l l o w   t h e  

Element  Cards.  The first thermodynamic  card  must   conta in   the  word THERM0 

s t a r t i n g   i n  Colurnn 1. I f  a l l   t h e  thermodynamic  data  are i n   c a r d   i n p u t ,   t h e n  

the. f i r s t   c a r d   m u s t   r e a d  THERMO ALL and  the  code will n o t   e x p e c t  a therrllodynamic 

data  base  f rom f i l e  LTHRM. The subsequent  thermodynamic  cards  are i n   t h e  

f o r m a t  o f  Cards 3 t h r o u g h  6 o f   T a b l e  11. I f  t h e  THERMO ALL o p t i o n   i s   u s e d ,   t h e  

f o l l o w i n g   c a r d   m u s t   b e   C a r d  2 o f  Tab le   11 .   For   the  THERMO o p t i o n   t h e   m i d p o i n t  

tempera ture  i s  taken  f rom  the   Card  2 i n f o r m a t i o n   a l r e a d y   g i v e n   i n   t h e   d a t a   b a s e .  

A s  many spec ies   as   needed  can  be   inc luded  as  THERM0 i n p u t .  The c a r d   f o l l o w i n g  

t h e   l a s t   t h e r m o d y n a m i c   i n p u t   m u s t   c o n t a i n   t h e   w o r d  END b e g i n n i n g   i n  Column 1. 

.- 
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TABLE 11. FORMAT FOR THERMODYNAMIC DATA 

Card Card 
Number Contents F o m a t  C o l u m n  

1 THERMO ( o r  THERM0 A L L a )  

3 

2b Temperature  ranges for 2 s e t s  of 
coefficients:  lowest T, commorl T ,  
arid highest T 

Species name (must s t a r t  i n  Column 1) 

Date ( n o t  used i n  the  code) 

Atomic  symbols and formula 

Phase of species (S,L,  o r  G for solid 
l iqu id ,  or ~ Z S ,  respectively) 

Low temperature 

High temperature 

Common temperature ( i f needed) ( b l a n k  
for  default)  

Atomic  symbols and formula ( i f  needed) 

4 

6 

( b l a n k  for. de?aul t )  

The integer "1" 

Coefficients  al-a5, 
(11 .4 ,8 ) ,  for upper 

The integer " 2 "  

Coefficients  a6, a7 
temperature i nterva 
a n d  a3 for lower 

The integer  "3" 

in  Eqs. ( 1 1 . 4 . 6 ) -  
temperature  interval 

Coefficients  a4, n 5 ,  ab, a7 for  
lower temperature  interval 

The integer " 4 "  

( a )  Repeat  Cards 3 t h r o u g h  6 for each species 

6A1 

3F10.,0 

18A1 

6A1 

4(2A:l,I3) 

A1 

E10 .O 
E10.0 

E8.0 

2A1, I3 

I 1  

5(El'j.O) 

I1 

5(El!5.0) 

I 1  

4(E1'5.0 

I1 

( Final E N D  ( Indicates end of  thermodynamic 3A1 
card) d a t a )  

1 t o  6 
( a n d  8 t o  l o a )  

1 t o  30 

1 t o  18 

19 t o  24  

25 t o  44  

45 

46 t o  55 

56 to  65 

G6 to  73 

74 t o  78 

80 

1 t o  75 

80 

1 t o  75 

80 

1 t o  60 

80 

1 t o  3 

aUse only when a1 1 the thermodynamic d a t a  are t o  be tdken from card input. 
bFard 2 i s  needed i n  the Data Base, a n d  on i n p u t  only i f  the THERMO A L L  option s used. 
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Figure 4 shows  some examples of thermodynamic property  input. In  these 
three examples f o r  O H ,  OH+, and O H - ,  i t  , i s  seen from  Columns 25 through 34 
t h a t  the  elemental  canposi t ion of each molecule i s  one 0 atom and one H atom. 
I n  addition, Columns 35 through 39 indicate t h a t  two of the  species, OH+ and 

OH-, are  ionic  since they contain -1 and +1 free  electrons ( E ) ,  respectively. 
The G in Column 45 indicates t h a t  al l   three spec3es  are  gaseous. The 1100. in 
Columns 66 t o  73 f o r  OH+ indicates t h a t  tt;2 common temperature between the 
high- and low-temperature f i t s   i s  1100.0 K .  I f  Columns 66 t o  73 a r e   l e f t  
blank,  as  they  are f o r  O H  a n d  O H - ,  then  the common temperature i s  t h a t  
g i v e n  i n  Columns 2 1  t o  30 of  card 2 i n  Table  11,  dhich, i n  th i s  example, i s  in 
the thermodynamic d a t a  base. 

* 

OH 
THERMO 

J ~ Z / ? O O  1n 10 03 OG 300.000 sooo.ooo 
0 .29131230E+01  0 . 9 5 4 1 K 4 8 E - 0 ~ 0 . 1 9 0 8 4 3 2 9 E - 0 6  0.127307$5E-10  0.24803941E-15 2 

1 

0 . 3 9 6 4 7 0 6 0 6 * 0 4   0 . 5 4 2 8 8 7 3 5 € * 0 1  0.3~365518E*01-0.10702014E-02 0.94849757E-06 3 
0.20843575E-09-0.23364265E-12 0 .36715807E*04  0.49805456€*00 

J 1 2 / 7 0 0   1 H  1 E  -10 OG 300.000 5000.003 1 1 0 0 .  
4 

0 .27381495E*01  0.14613173E-02-0.46950536E-06 0.73663560E-10-0.41410922E14 2 
1 

0 . 1 5 7 6 1 6 8 3 E * 0 6   0 . 6 1 3 4 3 8 1 1 € * 0 1  0.3536S969E*01-0.47029254E-M-0.62344259E-06 3 
0.17601461E-08-0.8267lJ699F12 0.157366?7E+06 0 .18477172E*01  4 

OM- J X 2 / 7 0 0   1 H  1 E  10 OG 300.000 5000.000 
0 . 2 8 8 8 1 1 4 8 € * 0 1  0.96560229E-Of0.19659254E-06 0.14053802E-10  0.12080617E-15 2 

1 

- 0 . 1 8 0 8 6 4 5 5 € * 0 5  0.41896259E*Ol   0 .34621427E*01  0 .40525802E-03-0 .1351699ZE-05 3 
0 .17899459E-08-0 .634~81OE- l2 -0 .19312355E*05  0 . 9 2 8 9 3 2 2 0 € * 0 0  4 

m + 

END 

Figure 4 .  Examples o f  Thermodynamic Data I n p u t  

The foflowing i s  a summary of  the  possibilities  for  specifying thermodynamic 
d a t a  . 

Case 1--All thermodynamic d a t a  from Data Base 

1. Attach the d a t a  base  as f i l e  LTHRM (defaul t  TAPE911 
2 .  No THERMO cards  required  as i n p u t  

Case 2--Thermodynamic d a t a  b o t h  from Data Base and I n p u t  

1. Attach the d a t a  base  as f i l e  LTHRM {defau: t TAPE911 
2 .  Include  the  following  cards 

THERMO 

Data  ifi Tab1 e I 1  format (cards 3 through 6 repeated) for species 
in addition t o  D a t a  Base or t o  override  species i n  Data Base 
END 

.- 

Case 3--All thermodynamic d a t a  from I n p u t  

1. Do not  a t t a c h  a Data Base 
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2 .  Include  the  following  cards 

THERM0 ALL 

Card 2 (Table  11) must  be the  next  card,  giving  the low temperature, 
common temperature, and  h i g h  temperature  for  the f i t s  
Thermodynamic d a t a  cards,  Cards 3 t h r o u g h  6 (Table I 1  1 ,  repeated 
for a t  l e a s t  a l l  species i n  the problem. 
END 

3 .  Species Cards 

Each chemical species  in a problem  must  be identified on a Species Card 
( o r  cards) . Any s e t  o f  u p  t o  10 characters" can be used as a species name, 
a n d  thermodynamic d a t a  (previous  section) must be a v a i l  a b 1 2  for each species 
included. I n  addition, each species must be  composed o f  elements which 
have  been identified ~n the Element Card(s),  and  the  elemental  composition of  
the  species  is t h a t  specified in  the thermodynamic d a t a .  As with  the Element 
Cards, one of the primary purpose: of the  Species Cards i s  t o  identify  the 
order i n  which arrays of species  information  are  referenced  in  the Gas-Phase 
Subroutine  Library. 

The f i r s t  Species Card  must contain  the word SPECIES s t a r t i ng  i n  C o l u m n  1. 
I t  i s  then  followed by any  number o f  cards which identify  the  species. 
Species symbols may appear anywhere on the  card, and  those on the same c a r d  
must be separated by b l a n k  spaces. A1:ter a1 1 the  species have  been given,  the 
following  card lnust c o n t a i n  the wclrd E N D  s t a r t i ng  in Column 1. Two equivalent 
ways t o  specify  species  information  for a problem  which might a r i s e  in hydrogen- 
a i r  combustion are shown i n  Figure 5 .  The rules for Species Cards are summar- 
ized i n  Table 111.  

SPECIES 

END 
H2 0 2  H 0 OH HOZ H Z 0  

SPECIES 
HZ 02 

t i  0 OH H02 
H Z 0  

N2 N NO 
EN0 

Figure 5. Equivalent Ways t o  Describe 
* Species names must begin  with a l e t t e r .  Also, 

used by changing the  value o f  LENSYM i n  the IN 

N 2  N 

Species 

u p  t o  18 
T E K P R E T E R  

NO 

I n f o r m a t i o n  

characters may be  



TABLE 111. SUMMARY OF THE RULES  FOR S P E C I E S  CARDS 
-~ 

1. The f i r s t   ( 1   a s t )   S p e c i e s   C a r d   m u s t   c o n t a i n   t h e   w o r d  S P E C I E S  (END) s t a r t i n g  
i n  Column 1 .  A1 1 o t h e r   c o l u m n s   o n   t h i s   c a r d   a r e   i g n o r e d .  

2. Species names a r e  composed o f  up t o   1 0 - c h a r a c t e r   s y m b o l s .  The names c a n n o t  
b e g i n   w i t h   t h e   c h a r a c t e r s  +,  - , = ,  a p a r e n t h e s i s  , o r  a number. 

3.  Each  spec ies  must   be  dec lared  on ly   once.  

4.  Each  spec ies  which  subsequent ly   appears i n  a r e a c t i o n   m u s t   b e   d e c l a r e d .  

5 .  The s p e c i e s   d e c l a r a t i o n s  may appecr  anywhere  on  the  cards.  

6. Any number o f   s p e c i e s   d e c l   a r a t i o n s  may appear  on a card.   Thus,  more  than 
one c a r d  may be  used. 

7 .  Spec ies   dec la ra t i ons   wh ich   appear   on   t he  same card  must   be  separated by 
a r e   l e a s t  one b i  ank  space. 

8. A s p e c i e s   d e c l a r a t i o n   w h i c h   b e g i n s   o n   o n e   c a r d  may n o t   c o n t i n u e   t o   t h e  
n e x t   c a r d .  

9. One s p e c i e s   d e c l a r a t i o n  may epd i n  Column 80 o f  one  card   and  the   nex t  
d e c l a r a t i o n  may b e g i n   i n  Column 1 o f  t h e   n e x t   c a r d .  

4 .  Reac t ion   Mechan ism  Desc r io t i on  

The r e a c t i o n  mechanism may i n v o l v e  any  number o f   c h e m i c a l   r e a c t i o n s  

i n v o l v i n g   t h e   s p e c i e s  named on the  Species  Cards.*   The  react ions may be 

r e v e r s i b l e   o r   i r r e v e r s i b l e ,   t h e y  may b e   t h r e e   b o d y   r e a c t i o n s  w i  t h  an a r b i t r a r y  

t h i r d   b o d y - - i n c l u d i n g   t h e   e f f e c t s   o f   e n h a n c e d   t h i r d  body e f f i c i e n c i e s ,  and 

t h e y  may i n v o l v e   p h o t o n   r a d i a t i o n   a s   e i t . h e r  a r e a c t a n t   o r   p r o d u c t .  

The f irst Reac t ion   Card   mus t   con ta in   t he   word  REACTIONS s t a r t i n g   i n  

Col urnn ,1. The f o l   l o w i n g   c a r d s   c o n t a i n   t h e   r e a c t i o n   d e s c r i p t i o n   t o g e t h e r   w i t h  

t h e   A r r h e n i u s   r a t e   c o e f i c i e n t s  [Eq. i I I . 5 . 5 ) ] .  The r e a c t i o n   d e s c r i p t i o n   i s  

made up o f   R e a c t i o n   C a r d s   a n d   p e r h a p s   A u x i l i a r y   I n f o r m a t i o n   r q r d s .  The l a s t  

c a r d   o f   t h e   r e a c t i o n   d e s c r i p t i o n   m u s t   c o n t a i n   t h e   w o r d  END s t a r t i n g   i n  Column 1. 

* I f  more  than 6 s p e c i e s   a p p e a r   i n  a r e a c t i o n ,  some d imens ion ing   needs   to   be  
changed i n   t h e  INTERPRETER ( s e e   o p e n i n g   s t a t e m e n t s   i n   p r o g r a m   o n   m i c r o f i c h e ) .  
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Reac t ion Cards--Each Reaction Card i s  divided  into two f i e l d s .  The f i r s t  
f ield  contains  the symbolic description of the  redction  while  the second 
col\tains  the  Arrhenius  rate  coefficients. Both f ie lds   a re  format f r ee ,  a n d  
blank  spaces  are  ignored  (except  within a number or a species  symbol). 

The reaction  description,  given  in  the  first  field 
the  species symbols, coeff ic ients ,   del imiters ,  and spec 
bel ow. 

, must be  composed of 
i a l  symbol s as summarized 

Species Symbols--Each species  in a reaction  is  described w i t h  the  unique 
sequence of characters  exactly  as  they  appear i n  the  Species Cards a n d  

the THERM0 cards. 

CoeTficients--Any  species symbol may be preceded by a n  integer  coefficient.  
The coeff ic ient  simply  has the meaning t h a t  there  are t h a t  many moles 
of the p a r t i c u l a r  species  present  as  either  reactant5  or  products; 
e.g. ,  20H i s  equivalent t o  OH t OH ( a  real   coeff ic ient   is  n o t  allowed). 

Del  imi te rs - -  
+ A plus  sign is  the  delimiter between the  reactant  species a n d  between 

the  product  species 

= An equality  sign  is  the  delimiter between the  reactants a n d  products 
for a reversible  reaction 

- A minus sign i s  the del imi t e r  b r t x r e n  t h e  reactants a n d  products  for 
an irreversible  reaction 

Special Symbol s-- 
M The  symbol M stands  for an  arbi t rary  third body.  Norma l l y  i t  would 

appear  as b o t h  a reactant a n d  E p r o d u c t .  However. i t  has tt;? identica 
meaning  even i f   i t  appears o n l y  as a reactant or a product. I n  
other words, a n  M anywhere i n  the  reaction  description  indicates 
t h a t  a t h i r d  body is   participating  in  the  reaction. I n  any reaction 
containing an M ,  species can be specified  to have enhanced t h i r d  body 
ef f ic ienc ies ,   in  which case  the  next  cardis) must be Auxiliary 
In fo rma t ion  cards  (described  below). I f  no enhanced third body 

eff ic iencies   are   specif ied,  then an  M means t h a t  a l l   species   act  
equal ly as t h i r d  bodies and the  total  concentration o f  the  mixture i s  
the  effective  concentration o f  the  third body. 
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HV The  symbol HV i n d i c a t e s   t h a t   p h o t o n   r a d i a t i o n   ( h v )   i s   p r e s e n t  as 

e i   t h e r  a r e a c t a n t   o r  a prcjduct.  I f  an HV appears i n  a r e a c t i o n  

d e s c r i p t i o n ,   t h e   w a v e l e n g t h   o f   t h e   r a d i a t i o n  may b e   s p e c i f i e d  on  an 

A u x i l   i a r y   I n f o r m a t i o n   C a r d   ( d c s c r i k ' e d   l a t e r ) .  

E The symbol E i s  used t o   r e p r e s e n t  an e l e c t r o n .   E l e c t r o n s   a r e   t r e a t e d  

j u s t   l i k e  any o t h e r   s p e c i e s   e x c e p t   t h a t   t h e y   A r e   n o t  composed o f  

e lemen ts .   Thus   t hey   on l y   a f fec t   t he   cha rge   ba lance   and   no t   e lemen t  

ba lance.  I f  an E appears i n  any r e a c t i o n ,   t h e n  i t  musk be   dec la red   as  

a spec ies  i n   t he   Spec ies   Cards   and   t he rnodynamic   da ta   m l rs t   be   supp l i ed  

f o r  i t . 

( An ogen p a r e n t h e s i s  means t h a t  a n y   f o l l o w i n g   c h a r d c t e r s   t h r o u g h   t h e  

b e g i n n i n g   o f   t h e   n u m b e r s   f o r   t h e   A r r h e n i u s   c o e f f i c i e n t s   a r e  comments 

o n   t h e   r e a c t i o n .   F o r   e x a m p l e   t h e  comment may b ?   u s e d   t o   g i v e  d 

r e f e r e n c e   t o   t h e   s o u r c e   o f   t h e   r e a c t i o n   a n d   r a t e   d a t a .  

A s p e c i a l   c a s e   f o r   r e a c t i o n   d e s c r i p t i o n s   o c c u r s  i f  two  o r   more   spec ies  

names a r e   i d e n t i c a l   e x c e p t   f o r   t h e   l a s t   c h a r a c t e r   i n  one o f   t h e  names 

b e i n g  a t, -, o r  = ( e . g .  CH, CH+, CH++). The INTERPREPER a lways  seeks  to  

f i n d   t h e   l o n g e s t   p o s s i b l e   s p e c i e s  name b e t w e e n   d e l i m i t e r s  (t, -, = ) .  There- 

f o r e   t h e   s p e c i e s  C H  may n o t  be f o l l o w e d   d i r e c t l y   b y  a -+ as a d e l i m i t e r   s i n c e  

t h i s   w o u l d   b e   c o n f u s e d   w i t h   t h e   s p e c i e s  CH+. lo p r e v e n t   t h i s   p r o b l e m   t h e   s p e -  

c i e s  CH mus t   be   separa ted   f $om  the   de l im i te r  + by a t   l e a s t  one  blank  space 

(e .g .  , C H t M  = C t H t f 4  m u s t   b e   w r i t t e n   a s  CH +M = CtHtM).  However, 

C H t t  t M t 2 E  = C t H t M  may j u s t  as w e l l   b e   w r i t t e n  as CH+++M+2E = C+H+M so i o n y  

as CH+++ i s   n o t  a spec ies) .   There  . is no   ambigu i ty  i n   t h e   c o n v e n t i o n  and  the 

w o r s t  t h a t  can  happen i f  t h e  b1 ank i s  n o t   i n c l u d e d   b e f o r e   t h e   d e l  imi t e r  i s  t h a t  

an   e r ro r   message will b e   w r i t t e n   f r o m   t h e  INTERPRETER. The b l a n k  will have 

t o  b e   i . n s e r t e d   b y   t h e   u s e r ,   b u t   t h e r e   i s   n o   p o s s i b l y   o f   h a v i n g  a r e a c t i o n  

m i s i n t e r p r e t e d   b y   t h e   c o d e   a n d   p r o c e e e d j n g   w i t h   a n   i n c o r r e c t   r e a c t i o n .  

The s e c o n d   f i e 1  d o f  t h e   r e a c t i o n   c a r d   i s   u s e d   t o   d e f i n e   t h e   A r r h e n i u s  

r a t e   c o e f f i c i e n t s  A i ,  B i ,  and E i  as g i ven   by  Eq. ( 1 1 . 5 . 5 ) .  The t h r e e  

numbers  must  appear i n   o r d e r ,   t h e   f i r s t  number b e i n g  A i ,  the   second  be ing  

B i  , a n d   t h e   t h i r d   b e i n g  E i  . A t  1 e a s t  one  b lank  space  must   separate  the 

f i r s t  number  and t h e   l a s t  symbol i n   t h e   r e a c t i o n   o r   t h e  comment.  The t h r e e  

numbers  must  be  separated  by a t   l e a s t  one  b lank  space;   be  s ta ted i n   e i t h e r  

i n t e g e r ,   f l o a t i n g   p o i n t ,   o r  E f o rma t   (e .g . ,   123   o r   123 .0   o r   12 .3E l ) ;   and  

66 



have units  associated w i t h  them. The default   units for Ai are  cgs (cm,  sec,  
K ,  and moles),  the  exact  units depending on the  reaction. The factor  Bi i s  
dimensionless. The default   units for the  activation  energies  are  cal/mole. 

Table IV i s  a summary o f  the  Reaction Card ru les ,  and  examples of some 
reaction  cards  are shown in  Figure 6 .  

TABLE IV. SUblAKY OF THE RULES FOR R E A C T I O N  C A R D S  
- 

1. 

2. 

3. 

4 .  

5. 

6 .  

The f i r s t   ( l a s t )  Reaction Card must contain  the word REACTIONS (EN[)) 
star t ing i n  C o l u m n  1. A1 1 other columns o f  t h i s  cdrd  are  ignored.  (The 
E N D  card w o u l d  follow  the l a s t  Auxiliary I n f o r m a t i o n  Card, i f  one was 
used for the l a s t   r eac t ion ) .  

The reaction  description can  begin anywhere or1 the  card. A1 1 b: a n k  spaces, 
except  those w i t h i n  species symbols and  within  coefficients,  are  ignored. 

I f  some species names  end with either  the  characters +,  -, or  = ,  a n d  
there  are  other  species names  which are  identical t o  these  except t h a t  
they d o n ' t  end in a t, -, or = ,  then i n  the  reaction  description  the 
la t ter   species  names must be separated from + ,  -, or' = delimiters by a t  
l e a s t  one b l a n k  space. 

Each reaction  description must use only one c a r d  and  nay not  continue 
o n t o  t.he next  card. 

Three numbers fo r  the  Arrhenius  coefficients: must appear on each Reaction 
Card; must  occupy the   l as t  n o n - b l a n k  en t r i e s  on the  card; must be separated 
from the  reaction  description by a t  l e a s t  one b l a n k  space; must  be i n  
order,   (Ai,   01,  a n d  E i ) ;  and  must be separated by a t  l e a s t  one b l a n k  
space. No b l  anks are a1 1 owed w i  t h i n  the numbers themselves. 

Comments are any characters fol  lowing a n  open parenthesis and  u p  t o  w i t h i n  
one b l a n k  space o f  the f i r s t  Arrhenius  coefficient. The  comments are 
written on LOUT along w i t h  the  reaction  description, b u t  are  otherwise 
ignored  within  the  code. 

R E A C T I O N S  
H 2 + 0 2 = 2 0 H  
H2+02=-  OH + OH 
H+O2+H=H02+H 

H i 0 2  =HOZ+H 
OH+ i H +€-HZ0 
OH++H+E=HZO 
0 i HV - O(*) 
EN 0 

H + O Z + M = H O ~  

1 . 7 E 1 3  0 4 7 7 8 0 .  
( R E F .  2 1 )  1 . 7 E 1 3  0 4 7 7 8 0 .  

2.OE15 0.000 -8?O. 
2.OE15 0.000 -870. 
2.OE15 0.000 -810. 

1.E19 0 0.0 
1 .E19  0 .  0 .  

(CCF. 991 l . E l >  0.  0. 

Figure 6 .  Examples o f  Reaction Cards 
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The u n i t s   i n   t h e  CHEMKIN code  can  be  changed t o  any c o n s i s t e n t   s e t   o f  

u n i t s   t h e   u s e r   d e s i r e s   b y  a c a l l   t o  SUBROUTINE CKUNIT.  T h i s   s u b r o u t i n e   r e s e t s  

t h e   v a l u e s   o f   t h e   g a s   c o n s t a n t s  R and Rc,  a n d   t h e   p r e s s u r e   o f   o n e   s t a n d a r d  

atmosphere Pam. The gas   cons tan t  R i s  used  everywhere  except i n   c o n j u n c t i o n  

w i th  t h e   a c t i v a t i o n   e n e r g y ,   w h e r e  Rc i s  used. I f  t h e   u n i t s   a r e   c h a n g e d   i n  

t h e  CHEMKIN s u b r o u t i n e   p a c k a g e ,   t h e n   t h e   u n i t s   o n   t h e   r e a c t i o n   c a r d   i n p u t  

must   be  changed  accord ing ly .  

A u x i l i a r y   I n f o m a t i o n   C a r d s - - I f  a r e a c t i o n   c o n t a i n s  an M as t h i r d  body -- 
and/or  i t  con ta ins   an  HV t o   d e n o t e   r a d i a t i o n ,   t h e   c a r d   o r   c a r d s   f o l l o w i n g   t h a t  

r e a c t i o n   c a r d  may be A u x i l i a r y   I n f o r m a t i o n   C a r d s .  These  cards  spec i fy   enhanced 

t h i r d  body e f f i c i e n c e s   o f   c e r t a i n   s 2 e c i e s   [ i . e . ,  ski, E q u a t i o n   ( I I . 5 . 1 1 ) I  

o r   s p e c i f y   r a d i a t i o n   w a v e l e n g t h   ( i n   a n g s t r o m s ) .  Any spec ies   wh ich   ac ts  as  an 

enhanced t h i r d  body  must   be  dec lared  as  one  o f   the  spec ies  on  the  Species 

Cards. 

The f o r m a t   o f   t h e   c a r d  i s  a name ( e i t h e r  a spec ies  name o r   t h e   c h a r a c t e r s  

H V )  f o l l o w e d  by a number ( e i t h e r   i n t e g e r ,   f l o a t i n g   p o i n t ,   o r  E f o r m a t )  

de l  imi t e d  by s lashes  ( / )  a For  enhanced t h i r d  body e f f i c i e n c i e s   t h e  name i s  

the   spec ies  name O F  the  enhanced  th i rd   body  and  the number i s   i t s  enhanced 

e f f i c i e n c y   f a c t o r .   F o r   w a v e l e n g t h   s p e c i f i c a t i o n   t h e   s y m b o l s  HY a r e   f o l l o w e d  

by   t he   wave leng th   i n   angs t roms .  

Any number o f  enhanced t h i r d   b o d i e s  may be   i nc luded , *   and   each   Aux i l i a ry  

I n f o r m a t i o n   C a r d  may c o n t a i n   o n e   o r   m o r e   e n h a n c e d   e f f i c i e n c y   f a c t o r s .   A l s o ,  

t h e   r a d i a t i o n   w a v e l e n g t h  may appear  on a separa te   ca rd ,  01' i t  may be  on  the 

same card   as  an  enhanced t h i r d  body s p e c i f i c a t i o n .  Thus,  more  than  one 

A u x i l i a r y   I n f o r m a t i o n   C a r d  may be   used   f o r   any   one   reac t i on .  

Examples o f   e q u i v a l e n t  ways t o   s t a t e   a u x i l i a r y   i n f o r m a t i o n   a r e  shown i n  

F i g u r e  7 .  The above r u l e s   a r e   s u m m a r i z e d   i n   T a b l e  V .  

* I f  more  than 6 s p e c i e s   h a v e   e n h a n c e d   t h i r d   b o d y   e f f i c i e n c i e s   i n  any  one 
r e a c t i o n ,  some d i m e n s i o n i n g   n e e d s   t o   b e   c h a n g e d   i n   t h e  INTERPRETER ( s e e  
p rog ram  on   m ic ro f i che ) .  
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H + 0 2 + H = H 0 2 + M  
HZ0  / 2 0 . 1  HZ / 2 /  N2 / .9/ 

H+02+H=H02+M 
H 2 0 / 2 . O E l / .  H2/Z .O/ 

N2 / 9 .OE- l /  

O+HV-0 ( I 1 . E + 1 5  
HV /4000/  

F i g u r e  7 .  Exarnp 

TABLE V. SUMMARY OF 

0. 

l e s   o f  4ux 

THE RULES 

0 .  

2 . O E 1 5  0.000 -870. 

2.OE15 0.000 -870. 

il id ry  I n f o r m a t i o n   D e f  

FOR AUXILIARY INFORMA 

i n i   t i o n s  

i ION CARDS 

1. A u x i l i a r y   I n f o r m a t i o n   C a r d s  may o n l y   f o l l o w   R e a c t i o n   C a r d s   w h i c h   c o n t a i n  
an M o r  an HV. 

2.  A spec ips  may have  only  one  enhanced t h i r d  body e f f i c i e n c y   a s s o c i a t e d  
w i t h  i t  i n  any   one  reac t ion .  

3. On ly   one   rad ia t i on   wave leng th  may b e   d e c l a r e d   i n  a r e a c t i o n .  

4. The o r d e r   i n   w h i c h   t h e   e n h a n c e d   t h i r d   b o d y   d e c l a r a t i o n s   a r e   g i v e n   i s   t h e  
o r d e r   i n   w h i c h   a r r a y s   o f   e n h a n c e d   t h i r d   b o d y   i n f o r m a t i o n   a r e   r e f e r e n c e d   i n  
the   subrout ine   package.  The o r d e r   i n   w h i c h   t h e   r a d i a t i o n   w a v e l e n g t h  
a p p e a r s   w i t h   r e s p e c t   t o   e n h a n c e d   t h i r d   b o d y   i n f o r m a t i o n  i s  u n i m p o r t a n t .  

5.  Enhanced t h i r d  body ( o r  w a v e l e n g t h )   i n f o r m a t i o n  may appear  anywhere  on 
t h e   c a r d .  

6 .  Any number of  enhanced t h i r d  b o d y   e f f i c i e n c e s  may appear  on a c a r d .  Thus 
more  than  one  card may be  used. 

7 .  Enhanced t h i r d  b o d y   d e c l a r a t i o n s   o r   r a d i a t i o n   w a v e l e n g t h   s p e c i f ; c a t i o n s  
which  appear   on  the same card  must   be  separated  by a t   l e a s t  one  b lank  space.  

8. An enhanced t h i r d  body ( o r   w a v e i e n g t h )   d e c l a r a t i o n   w h i c h   b e g i n s  o n  one 
c a r d  may n o t   c o n t i n u e   t o   t h e  next, c a r d .  

9 .  3ne d e c l a r a t i o n   ( e n h a n c e d   t h i r d   b o d y   o r   w a v e l e n g t h )  may end i n  column 80 
o f  o n e   c a r d   a n d   t h e   n e x t   d e c l a r a t i o n  may b e g i n   i n  Column 1 o f   t h e   n e x t  
card .  

10. Any blank  spaces  between  the  species  symbol ( o r  H V )  and  the f i r s t   s l a s h  
are   ignored  and  any   b lanks   be tween  the   s lashes   and  the   enhanced  e f f i c iency  
f a c t o r   ( c r  wave l   ength)   a re  a1 so ignored.   However ,   no  b l  ank  spaces  are 
a1 l o w e d   w i t h i n   t h e   f a c t o r  (or  wavel  ength) . 

6 9  



- Problems  Having No R e a c t i o n s - - I n  some p r o b l e m s   o n l y   i n f o r m a t i o n   a b o l l t   t h e  

elements  and  speci.?s i s  n e e d e d   ( e . g . ,   c n e m i c a l   e q u i l i b r i u m   c o m p u t a t i o n s ) .   I n  

these  cases  i t  i s   c l t  n e c e s s a r y   t o   i n c l u d e   R e a c t i o n   C a r d s .  The INTERPF,ETER 

will c r e a t e   t h e  LINK f i l e ,   b u t   o f   c o u r s e  it will n o t   c o n t a i n  any r e a c t i o n  

i n f o r m a t i o n .   T h e r e f o r e ,   n o   s u b r o u t i n e s   i n   t h e  Gas-Phase  Subrout ine   L ib rary  

w h i c h   d e a l   w i t h   c h e m i c a l   r e a c t i o n s   ( e . g . ,   c h e m i c a l   p r o d u c t i o n   r a t e s )  may be  

used. 

5.  E r r o r  Checks 

The INTERPRETER c h e c k s   e a c h   i n p u t   c a r d   f o r   p r o p e r   s y n t a x  and w r i t e s  

s e l f - e x p l a n a t o r y   d i a g n g s t i c  messages  on l o g i c a l   f i l e  LOUT i f  bad  syntax 

i s  e n c o u n t e r e d .   I n   a d d i t i o n ,   e a c h   r e a c t i o n   i s   c h e c k e d   f o r   b o t h   e l m e l e n t  

and  charge  ba lance.  I f  a r e a c t i o n  does n o t   b a l a n c e ,  a message i s   w r i t t e n  

on LOUT. I f  any e r r o r s   a r e   e n c o u n t e r e d ,   t h e  INTERPRETER d o e s   n o t   c r e a t e  

+,he l i n k i n g   f i l e .   T h e r e f o r e ,   t h e   i n p u t   m u s t   b e   e r r o r   f r e e   b e f o r e  any o f  

t h e  CHEMKIN s u b r o u t i n e s   c a n   b e   c a l l e d .  

6. Access t o  INTERPRETER Ou t v u t  

. 

I n f o r m a t i o n   a b o u t   e l e m e n t s ,   s p e c i e s ,   a n d   r e a c t i o n s   w h i c h   i s   p r o d u c e d  by 

t h e  I N T E R P R E T E R  may be   ob ta ined   f rom  the  Gas-Phase S u b r o u t i n e   L i b r a r y   i n  two 

ways. The f i r s t  way, arid t h e   m o s t   c o n v e n i e n t ,   i s  t o  c a l l   s u b r o u t i n e s   g i v e n   i n  

S e c t i o n s  V . 2  t h rough  V.5. It i s   a l s o   p o s s i b l e   t o   e x t r a c t   i n f o m a t i o n   d i r e c t l y  

f rom  the   work   a r rays ,  whose s t r u c t u r e  i s  d e s c r i b e d   i n   A p p e n d i x  A. Us ing   t he  

w o r k   a r r a y s   d i r e c t l y  w i  1 1   r e q u i r e  1 ess s t o r a g e   t h a n   c a l l   i n g   t h e   h i g h - l e v e l  

scb rou t ines .   However ,   dea l i ng  with the  work   a r rays  may be cumbersome f o r  

mdny users. 

.- 

70 



V.  Quick Reference Guide t o  the Gas-Phase Subroutine  Library 

. 
This  chapter i s  arranged by topical  area and i t  provides a quick reference 

t o  each o f  the Gas-Phase Librai-y subroutines. A1 ong w i t h  the  actgal  subroutine 
statement i s  given a short  description of the  routine which, where appropriate, 
re fe rs  t o  an equation number i n  Chapter 1 1 .  The page number given tor each 
subroutine  refers t o  the page in  Chapter VI where a detailed  description 
o f  the  subroutine  call   l ist  may be f o u n d .  

Mnemon i c s 

There are no firm  general  rules  for  explaining  the mnemonics  used i n  
naming  subroutines , b u t  there  are some good rules of t h u m b .  A1 1 subroutines 
begin w i t h  tne l e t t e r s  C K  so t h a t  C H E M K I N  subroutines  are  easily  recognized, 
and  so t h a t  they a re   l ike ly  unique from any user  subroutine names. Tile 
remaining  four l e t t e r s   a r e  used t o  identify  the purpose of  tbe  subroutine. The 
f i r s t  one or two l e t t e r s   a f t e r  C K  us,ually  refer t o  the  variable which i s  being 

ther  the i n p u t  var iables ,   the   uni ts ,   or  computed . 
w h a t  i s  be 

The l a s t  l e t t e r s   r e f e r  t o  ei 
i n g  held fixed i n  a d i f fe ren t ia t ion .  

State  variables  are denoted b y :  P pressure, T temperature, Y mass 
f rac t ions ,  X mole f rac t ions ,  a n d  C molar concentrations. Thermodynamic 
properties  are  referred t o  by: CF a n d  C V  spec'fic  heats, H enthalpy, S entropy, 
U internal  energy, G Gibbs free  energy, a n d  A Helmholtz f ree  energy. The 
thermodynamic subroutines may be cal  led t o  return  properties i n  mass un i t s ,  
denoted by MS or  S as  the 1 a s t   l e t t e r s  , or in molar un i t s ,  dengted by ML or L 
as   the   l as t   l e t te rs .  A B in a thermodynamic property  subroutine name indicates 
t h a t  i t  retilrns mean properties.  

Subroutines which return chemical production  rates-have a W following  the 
CK, and routines which return  creation  rates and destruction  rates  or  creation 
ra tes  a n d  destruction times have a C D  or  a C T ,  respectively,  following  the C K .  

Rate of  progress  variables  are denoted by Q and  equi1;brium  constants by EQ. 

-. 
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A D f o l l o w i n g   t h e  CK i n d i c a t e s   t h a t   t h e   s u r o u t i n e   i s   u s e d   t o  compute a 

d e r i v a t i v e .  I f  an S follows t h e  CK t h e n   t h e   s u b r o u t i n e   i s   u s e d   t o   f i n d  

s e n s i t i v i t y   m a t r i c e s .  

The  mnemonics  used f o r   t h e   v a r i a b l e  names i n   t h e   s u b r o u t i n e   c a l l s   a r e  

r o t i g h l y   t h e  same as f o r  t h e   s u b r o u t i n e  names. However,  because s i x   l e t t e r s  

can be u s e d   ( o n l y   f o u r  i n  t h e   s u b r o u t i n e  names because CK occup ies   two) ,   t he  

mnemonics  can  be  more e x p l i c i t ,  and  thus more i r nmed ia te i y   recogn izab le .  

1. I N I T I A L I Z A T I O N .  

S U B R O U T I N E   C K l N D X  f I W O R K ~ W O R K ~ M M , K K , I I ~ L € N E L ~ L E N S ~ M ~ N F I T l  P A G E  ! 3 6  
T H I S   S U B R O U T I N E   R E T U R N S  A G R O U P  CF I N D I C E ;   D E F I N l h G   T H E  
S I L E  O F  T H E   P A R T I C U L A R   9 E A C T I O N   M E C H A N I S M .  

S U B R O U T I N E   C K I N I Y  ( L E N I W K , L E N W K , L I N K , L O U T , I W O R K * W O R K I  P A G E  1 3 7  
T H I S   S U 9 R O U T I i v E   S E R V E S  T O  R E A D   T H E   L I N K I N G   F I L E  AND 

C K I N I T   M U S T  B E  C A L L E D   B E F O R E   A N Y   O T H E R   C H E M K I N   S U @ R O U T I N E  
C R E A T E   T H E   I N T E R N A L   W O R K   A R R A Y S ,   : W O R K   A N D  WCRK.  

1 s  C A L L E D .   T H E  WORK A R R A Y S   M U S T   T H E N   B E   M A D E   A V A I L A B L E  
A S   I N P U T  TO T H E  O Y H E P  C H E M K I N   S U B R O U T I N E S .  

2 .  I N F O R V A T I O N   A R O U T   E L E M E N T S .  

S U B R O U T I N E   C K A W T   ( I W O R K * W O R K , A W T I  P A G E  5 3  
T H I S   S U B R O U T I V E   R E T U R N S   T H E   A T O M I C   W E I G H T S   O F   T H E   E L E ' 4 E N T S .  

S U B R O U T I N E   C K C O M P   ( L E N I H ,   I H l , I H Z , I S A M E I   P A G E  $ 3  
T H I S   S U B R O U T I N E   C O M P A R E S  TWO H O L L E R I T H   S T R I N G S   T O  
D E T E R M I N E  I F  T H E Y   A R E  T H €  S A M E  OR N O T .  

S U B R O '   I N E   C K S Y M E   ( L Y D I M ,   I W O S K , W O R K , Y H O L I  
TH13 S U B R O U T I N E   R E T U R N S   T H E   H O L L E R I T H   S Y C B O L S  
F O R   T H E   E L E M E N T   N A Y E S .  

P A G E  1 6 1  

3. I N F f l R H A T I O N   A B O U T   S P € C I E S .  

S U B f i O U T   I N E   C K C H R G   ( I W 3 R K , W O R K , K C H A R G I   P A G E  9 3  
T H I S   S U b k O U T I N E   R E T U R N S  THE E L E C T R B N I C   C H A R G E S  i ) F  THE 
S P E C I E S .  

, S U B R O U T I N E   C K C O M P   ~ L E N l H ~ I H l ~ I H Z ~ I S A H E l ~  P A C E  4 3  
T H I S   S U B R O U T I N E   C O E F A R E S  TWO H O L L E R I T Y   S T R I N G S  Y O  
D E T E R M I N E  I F  T H E Y   A R E   T H E   S A M E  O R  N O T .  

S U B R O U T I N E   C K N C F  ( M O I M -  I W O R K , W O R K I N C F I   P A G E  1 4 5  
T H I  5 S U B R O U T I N E   R E T U R N S   T H E   E L E M E N T A L   C O P P O S I T I O N  OF T H E  
S P E C I E S .  

S U 8 R O U T   I N E   C K P H A L  ( Z W O R K , W O R K , K P H A S E l   P A G E  141 
T H I S   S U B W O U T I N E   R E T U R N S  A S E T  O F  F L A G S   I N D I C A T I N G   T H E  
P H A S E  OF E A C H   S P E C I E S .  

S U B R O U T I N E   C K 5 Y M S  ! L K D I M r   I W O R K * W O R K , K H C L l   P A G E  l h l  
T H I S  S U B R O U , T I N E   R E T U R N S   T H E   H O L L E R I T H   S Y M B O L S  
F O R   T H E   S P E C I E S   N A M E S .  

S U B R O U T I N E   C K W T  ( I W O R K ~ W O R K ~ W T l   P A G E  i b b  
T H I S  S U B R O U T I N E   R E T U R N S   T H E   M O L E C U L A R   W E I G H T S  OF THE S P E C I E S .  

.- 



4. I N F D R Y A T I O N   A B O l J T   R E A C T I C N S .  

S U B R O U T I N E   C K A 8 E  ( I W O R K I W C R K , ~ ( A I R B , R E I   P A G E  e 7  
T H I S   S U 6 R O U T I N E   R E T U R N S   T H E   A R R H E I \ I I U S   C O E F F l C I E N l S  FOR 
T H E   R E A C T I O N S .   R E F E R E N C E   E O U A T I O N  I I . 5 . 5 1 .  

S U B R O U T I N E   C K I T R  ' I H O R K t W O R K ,  I T H B t  I R E V )  "AGE_ 1 3 8  
T H i S   S U B R O U T I t J E   R E T U R N S  A S E T   C F   F L A G S   I N O I C A T   I N G   W H E T H E Q  
T H E   R E A C T I O N S   A R E   Q E V E R S I B L E  OR WHETHEP T H E Y   C O N T A I N  
A R B I T R A t X Y  T H I R D  B O D I E S .  

S U B R O U T I N E   C K N U   [ K D I H ,   I W O R K , W O R K ~ N U K I  1 
T H I S   S U B R C I U T I N E   R E T U R N S  THE S T O I C H I O M E T R I C   C O E F F I C I E N T S  
O F   T H E   R E A C T I O I J   M E C H A K I S H .   P E F E P . E W C E   E Q U A T I O N S  ( 1  1 . 5 . 1 )  
A N 0  ( 1 1 . 5 . 3 ) .  

P A G E  !"3 

S U B k S U T I N E   C K S Y Y h  ( I r l  E N I H L ,   I W O Q K t W C R K r L T +   I H O L I  
T H I S   S U B R O U T I N E   R E T U R N S   A N   A 1   H O L L E R I T H   A R R A Y  WHICH 
D E S C R I B E S   T H E  I T H  R E A C T I D N .  

P A G 5  l t ?  

S U S R O U T I N E   C K T H B  ( K D I M ,   I W O R K v W C P K , A K I  I P A G F  i 6 3  
T H I S   S U f 3 R O U T I N E   R E T U R N S   Y d T P l X   O F   E N H A N C E D   T H I E D   B n O Y  
C O E F F I C I E N T S ,   P . E F E R E N C E   E O U A T I O N  ( 1 1 . 5 . 1 1 1 .  

S U S R O U T I N E   C l t U L   I V O R K ~ W O R K I W L I   P A G E  l e 6  
Ti.115 S U q R O U T I N E   R E T U R V S  A S E T   O F   F L A G S   P R O V I D I N G   l N ! = O F Y A T l O V  
014 THE W P V E   L C N G T H   O F   P H 3 T O N   R A D I A T I O N .  

5 .  G A S   C O N S T A N T S   A N D   U N I T S .  

S U B R 3 U T I N E   C K R P  ( i W O ~ K , W O G K , R U , Q U C r P A l  
T H I S   S U B R 3 U T I N L   R E T U R N S   U N I V E R S A L   G A S   C O h ' S T A N l S   L N D  THE 
P R E S S U R C  3 F  C V i  S T A N D b h S   b T M O S P H E R F .  

P A G E  1 L 7  

S U b R S U T I N ' :   C K U N I T   I ~ U I P ~ C I P A , I W O R K , ~ ~ O R K )   P A G E  l t , S  
T H I S  S U R R O U T l N t  I S  USF.0 T O   C H A N C l i   U N I T S  I N  T H E  C O D [ .  

C H A N G E 0   T H E Y  4 9 E  CONS1 S T F Y T .  
C A P E  M U S T  B E  T A K E N  Tn Y A K E  S U Q E  'rHhT I F  T H E  U N I T S  n a c  

6 .  E O U A T l f l N  O F  S T A T E .  

S U B k O ~ J T I r l C  CKMMWC (i. I W O R K ~ W ! I R K v W T ~ l  
THIS S U B 1 7 O U T I ' J E  R E T U R Y S  T H E   Y E A N   H Q L E C U L A R  WCIGHT OF THE 
G A S   Y l X T U l i F   G I V C Y   T H E   Y O L A R   C O N C E N T R A T I O N S .   R E F C Q F q C E  
E Q U b T I C I N  ( 1 1 . 2 . 5 1 .  

P A G E  1 ? . 7  
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S U R R O U T I N E   C K P Y   l R H C ~ T t Y , I W O R K ~ W O R K , P I   P A G E  147 
T H I S   S U B R O U T I N E   R E T U F N S   T H E   P R E S S U R E  OF T H E   G A S   M I X T U E C  

R E F E R E N C E   E O U A T I C N  (11 .2 .10 ) .  
G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .  

S U R R O U T I N E   C K R H O C   ( P , T , C , l W O ~ K , W O R K , R H O )  
T H I S   S U B 2 O U T I N E   R E T U R N S   T H E   M A S S  D E N S I T Y  OF THE G A S   C I I X T U Q E  

R E F E R F N C E   E O U A l   I C N  I I I . 2 . 2 ) .  

P 4 G E  145 

G I V € Y   T H E   P K E S S U R E ,   T E P P E R A T U R E   A N D   P O L A R   C O N C E Y T K A T I C Y S .  

j U B A O U T I N E   C K R H t i X   I P ~ T ~ X , I W O Q K ~ W D R K ~ 2 H O )   P A G E  l k b  
T H I S   S U B R O U T I N E   R E T U Q N S   T H E  Y A S S  D E N S I T Y   n F   T H E  G A S  M I X T U R E  

R E F E R E N C E   E O U A T I O N  ( 1 1 . 2 . 2 ) .  
G I V E N   T H E   P R E S S U R E ,   T E M P E R A T U C E   A N 0   P O L E   F R A C T I O N S .  

S U f ? G O U T l N E   C K R H O Y   I P v T - Y ,   I W O R K , W O R K v R H O )   P A G E  1 4 b  
T H I S  S U B H O U T I N F   R Z T U R N S   T H E   V A S S   D E N S I T Y  O F  T H E  G b S  Y I X T U K E  

2 E F E R E U C E   E O U A T I O U  l I I . Z . 2 1 .  
Z I V E N   T r l E   P R E S S U R E I   T E M P E Q A T U R E   A N 0   M A S S   F R A C T I O N ' . .  

7 .  M O L E - Y A S S   C O q V E R S I C N .  

S t J 6 i i O U T I N E  C K C T X   l C v I H O R K , H O R K v X I   P 4 G E  97 
T H I S  S U S R O U T I Y E   P E T U R N S   T H E  MCILC F R A C T I Q N S  G I V E N  THE- 
M O L A R   C 3 N C E N T F A T 1 3 Y S .   R E F E K F N C E   E Q U A T I O N  ( 1 1 . 3 . R ) .  

S U B P O U T  I Y F  C K C T Y   ( C  v I WCIRK ,WORK, Y P A G E  9 9  
T H I S   S U B R O U T I U E   f i E T U R W S   T H E   M A S S   G E A C T I D N S   G I V E N   T H E  
M O L A R   C Y N C E F . I T C A T I O N S .   R E F E R F N C E   E O U A T I O N  ( 1 1 . 3 . 7 ) .  

S I J B c O U T I Y E   C K X T C P   l ~ ~ T , X ~ I W O R K t W G P K ~ C l   P A G E  l e 2  
T H I S   S U S R G ' J T I N F .   R E T U G N S   T H E  H O L A R  C O N C E N T R A T I O N S   G I V E N  THE 
1 ' 4 E S S U R E .   T E N P F F A T U R E   A N D  V O L E  F R A C T 1 3 N S .   R E F E R t N C E   E Q U A T I O U  
( 1 1 . 3 . 5 )  

S U P R O U T I N E  C K X r C R   l ~ H O ~ T ~ X , I W f J P K 1 H O R K , C 1   P A G E  160 
T ! i I S   S U d k ' J U T l Y t   R C T U F N S  THE P O L A R  C O N C E N T R A T I C V S   G I V E Y  
T H E   M A S S   O E N S I T Y ,   T I W P S R A T U K E   A N C  M O L E  F R A C T I C N S .  
2 E F E R F Y C E  EQUATIO:.I 1 ! 1 . 3 . 6 ) .  

S U S R O U T I N E   C K X T Y   l X , I N f l R K , W O k K v Y I  P A S F  1 7 3  
T H I S  S U O R O U T I Y E  R t T U F N S  THE P A S S   F R 4 C T I O N S   G I V E N  T H C  

Y G L E   F R A C T l O N S .  C E F E K E N C E   E O U A T I C N  ( 1 1 . 3 . 4 ) .  

S U B Q O U T I N E   C K Y T C P   ( P , T v Y , I W O R K , W O R K . C )   P A G E  l ? ?  
T H I S  S U R G O U T I N E   R E T U R N S   T H E  M O L A R  C O N C E N T k A T I O Y S   t i 1 V E L . I  
7 H E  P R f S S U R E .   T E Y P E P A T U R F   A N D   Y A S S   F R A C T I O N S .   P E F E G E N C F  
E O U P T I ~ I  ( I  I . 3 . z ) .  

S U B R O U T I N !   C K Y T C R  ( f i t l ~ ~ T . Y t l W O F K ~ H O P K , C )  P A G E  171 
T H I S  SIJ990UTI I JE  R E T l J J N S   T H E  M O L A R  C O N C E N T R A T I O N S  G l V E Y  
T H E  M A S S   D E N S I T Y ,   T 5 Y P E R 4 T U Q E  Ab!D M A S S   C R A T , T I O N S .  
R E F E R E N C C   E O U A T I G Y  ( 1 1 . ? . 3 ) .  

SURRUUT INE C K Y T X  [ Y ,  I WDKK ,wnaKt  x )  P A G E  171 
T H I S   S U t l R r ) U T I Y E  R E T U R N S   T H E   M O L E   F R A C T I Q N S   G I V E N   T H E  
M A S S  F P A C T I O N S .  R E C E P E F . I C E   E O U A T I O I I  I I I . ? . ? I .  

8. T H E C Y O D Y N A M I C   P R C P E P T I E S   ( Y O N D I M E N S I O N A L ) .  

S U B R O U T I Y C   C K A T H M   ( N D I M I ~ N D I ~ Z I   I H O R K , W O R K I T M I D , A :   P A G E  89  
T H I S   S U B R O U T I N E   R E T l J R N S  THE C q E F F I C I E N T S  OF T H E  F I T S   F G R  THE 
T k ! E P V O D Y N A ! 4 I C   P F O P E D T I E S   O F   T H E   S P E C I E S .   P E C F R E Y C E   E Q U A T I O Y S  
111.4.11 T H f i O U G H  (11.4.81. 
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-. 

S U B R O U T I N E   C K C P O Q   ~ T ~ I W O E K ~ U O k K ~ C P O R )   P A G E  95 
T H I S   S U S R O U T I N E   R E T U R N S   T H E  Y O N D I H E N Z I ~ N A L   S P E C I F I C  
H E A T S   A T   C O N S T A N T   P R E S S U R E .  R E F E R E N C E   E O U A T I O N  
(11 .4 .1 )  OR 111 .4 .6 ) .  

S U B P O ' J T  I N  E C K H O R T  I T  t I WORK t W r l R K  9 H O R T  1 P P G E  126 
T H I S  S U B R O U T I N E   R E T U R N S   T H E   N O N D l r E N S 1 3 N A L   E N T H A L P I E S .  
R E F E R E N C E   E O U A T I ( 3 N  tSl.4.3) OR ( 1 1 . 4 . 7 ) .  

S U B R O U T I N E  CKSOP. I T ,   I W O P K ~ W O Q K v S O R )   P A G E  161 
T h I S  S U R R O U T I Y C   Q E T U R N S   T H E   N O N D I H E N S I O N A L   E N T R O D I E S .  
R E C E 9 E N C E   E O U A T I O N  ( 1 1 . 4 . 5 )  OR ( I ! . 4 . 9 1 .  

Q.  T H E R H O O Y N A Y I C   P R O P E K T I E S   ( M A S S   U N I T S ) .  

S U 6 R O U T I N E   C K A Y S  I T ,  I W O R K r b f O G K v  4 ' 4 s )  P P G E  8 3  
T H I S   S U a R O U T l N E   R E T U P N S  T H E   S T A N O A R D   S T A T E  HELMHOLTZ F F E E  
E N E K G I E S  I N  M A S S   U N I T S .  R Z C F P E N C E   E O U A T I O N  (Il.L.191. 

S U B R O U T I N E   C K C P M S   ( T + I W O K K ~ W O R K , C P b ' S )   P A G E  0 5  
T W I S  S U B R O U T I N E   R E T U R N S  T c l E  S P E C I F I C  H E P T S  A T  C O N S T A N T  
P Q E S S U R E  Ir\l M A S S   U N I T S .  R E F € P . E N C E   E O U A T I O N  ( I I . 4 . V ) .  

S U J 6 R O U T I F I E  C k G M S  I T v I U O R K t W C S K , G M S )   P A G F  1 3 4  
T H I S   S U a R Q U T I Y E   R E T U R N S   T H E   S T A N D A K D   S T A T F  G I R 9 S  ':REF E F I E K G 1 E . C  
IY M A S S  U N I T S .  R E F E R E N C F   E Q U A T I O N  ( 1 1 . 4 . 1 8 ) .  

S U B R O U T I N E   C K G M L  I T t  I W O R K ~ W C ~ K I C Y L )   P A G E  1 3 4  
T H I S  S U f ? R O U T I N E   K E T U Q N S  T H E  S T A N D A P D   S T A T E  G I R R S  F Q E E   S N E K G I E S  
I N  M O L A R   U N I T S .   R E F E K F N C E   F O U A T I C Y  (11 .4 . :11 .  

S U 3 4 0 U T I N E   C K H Y L   ( T ~ I W O ~ K I V O ~ K ~ H Y L )   P A G E  1 3 5  
T H I S  S U B R O U T I N E   R E T U R P i S  T H E  E N T V A C P I E S  I N  Y O L A R  U h l T S .  
R E F k S E N C E   E Q U A T I C N  ( 1 1 . 4 . 3 1 .  

7 5  



S U B R 3 U T I N E   C K S M L   ( T I   I W O R K I + ~ O R K I S M L I   P A G E  163 
T H I S   S ' J B R O U T I N E   R E T U R N S   T H E   S T A N D A R D   S T A T E   E N T 9 3 P I E S  I N  M O L A Q  
Ut41 T S .   k E F F R E N C E   E O U A T I  Gd ( I I .4.5 1 .  

S U B R O U T I N E   C K i l M L   I T v I W f l R K , W Q R K , U M L )   P 4 G C  1 6 4  
T H I S   S U S R O U T I N F   R E T U R N S   T H E   I N T E R N A L   E Y E G G I E S  I N  M O L A P  
U N I T S .   R E F E R E N C E   E O U A T I U N  ( I  I . 4 * 1 0 )  - 

:1. M E A N   T H E Q M O Q Y N A M I C   P 9 C ) P E R T I E S   ( M A S S   U N I T S ) .  

S U S P O U T I N E   C K A R W S   ( T , Y . I W O R K , H O ~ K , A e Y S t   D A G ?  8 9  
T H I S   S U S A O U T I N E   R E T U R N S   T H E   M A 5 5   L ( E 1 G r i E D   Y E A N  
S T A N O A P O   S T A T E   H E L M H C L T Z   F R E E   E N E R G Y  OF T H E  Y I X T U R F  I N  M A S S  
U N I T S .   R E F E E E N C E   E O U A T I C N  ( 1 ! . 4 . 3 3 1 .  

S U B R O U T I N E   C K C O H S   ( T t Y , I W C R K , W O R K , C P B M S 1  
T H I S   S U R R O U T I Y E   R E T U K N S   T H E   M A S S   W E I G H T E D   M E A N   S P E C I F I C  
N E 4 T  A T  C O N S T A N T   P R E S S G R E .   R E F E P E N C E   E O U A T I O N   ( 1 1 . 4 . 2 1 1 .  

P A G E  05 

S U t 3 9 9 l J T I N E   C K C V e S   I T , Y , l W f l 9 K ~ ~ O R K , C V S H S l   P A G E  1 3 3  
T H I S   S U O R O U T I N E   R E T U P N S   T H E   M A S S   W E I G H T E D   M E A N   S P E C I F I C   H E A T  
A T   C O Y S T A N T   V O L U M E  I N  9 A S S   U N I T S .   R C F E R E N C E   E Q U A T I O N  
( 1 1 . 4 . 2 7 1 .  

S U S G O U T  INE C K G ~ M S  ( T , Y ,  I K O Q K . W O R K , G ~ M ~ I  P A C E  1 ? 3  
T H I S   S 1 1 4 R O U T I N E   R E T U R N S   T H E   M A S S   H E I G H T E D   Y E A N   S T A N D A R D  
S T b T E   G I B E S   F C E E   E N E R G Y  OF T H E   M I X T U R E  I h '  M A S S   U N I T S .   R E F E Q E N C E  
E 3 ' J A 7 1 3 \ (  ( l I . ~ . ? I l .  

j U S R O I ! T I N E   C K H P M S   ~ T , Y , I W O * K , W f l ~ K , H e Y S )   P A G E  1 3 5  
TW1.C S L 1 9 9 r l I J T I N E   R E T U K W S   T H E   M A S S   W E I G H T E C  Y E A N  E N T H A L P Y  
O F   T H E   X l X T l l K E  I N  V A S 5   U N I T S .   R E F E R E N C E   E O U A T I n N  ( 1 ! . 4 . 2 3 ) .  

SUPUUTINE C L S ~ H S  ( T , Y , I W ~ ~ K . W O ~ K , ~ ~ M S )  
T H I S   S U A P O U T T N E  R E T l J R N S  T M E   M A S S   W E I G H T E D  MFIIV S T C N D A R D   j T 4 T F :  
C N T 4 0 P Y  O F  T V E  M I X T U R E  I V  C 4 S S  U N I T S .   R E F E R E N C E  E O .  ( 1 1 . 4 . 2 5 )  

P A G E  1 5 1  

S U b F 3 U T I N E   C K U B M S   I T I Y ,   I W O ~ K I W O P K ~ U P M S )   P A G E  1 6 4  
T H I S   S U B R O U T I N E   P E T U F N S   T H E   4 A S S   W E I G H T E P   M E A N   I N T E R N A L .  
E N i P G Y  n F  T H E   I 4 I X T U P S  I N  M A C S   U N I T S .   R E F E U E N C E   E 0 1 J A T I C N  
(11.4.2Yl. 

1 2 .  M E A V   T H E R M O D Y N A M I C   P R O P E R T I E S   ( M C L A R   U N I T S ) .  

S U P 9 0 U T I N E   C I ( A e M L   ( T I X I   I ~ O ~ ~ K I W O R K , A P H L )   P A G E  8 7  
T H I S   S U B R O U T I Y E   R E T U R h S   T H E   M 3 L A R   W E I G H T E D   M E A N  

U N I T S .   A E F E P F Y C E   E C U A T I O N  (ll.L.321. 
S T A N D A R O   S T A T F   H E L M I J C L T Z   F R i E   E N E R G Y   O F   T H E   M I X T U K E  I N  M O L 4 9  

S U P R O I J T I N E   C K C P E L  f 1 . X .  I W 9 k K I W O R K , S P R M L l   P A G E  9 4  
T H I S  S U B h O U T I N C   R E T U R N S   T H E .   M O L A R   W E I G H T E D   M E A N   S P E C I F I C  
H F A T  A T   C O N S T A N T   P R E S S U R E .   F E F E F E N C E   E O U t T l O N  I I I . 4 . 2 0 1 .  

S U B P f l U T I N E   C K C V B L   ( T v X ,   I W O X K v H C Q K , C V B M L l   P A G C  1 3 3  
T H I C  S U B P O U T I N E   R E T U R M S   T H E   M O L A P   U E I C H T E D   ' A € A V   S P E C I F I C  
H E A T  L T  C O N S T A V T   V J L U N E  I N  MC'LAR U N I T S .   R E F E R E N C E   E Q U A T I O N  
( 1 1 . 4 . 2 6 1 .  

S U O S O I J T I N E   C K G B M L   ( T I X , I W O F K , W O R K , G @ M L ~   P A G E  1 3 3  
T M I S   S U B t 7 O U T I N E   R E T U K N S   T H E   M O L A R   W E I G H T E D   M E A N   S T A N D A R D  
S T A T E   G I R R S   F R E E   E U E R G Y   O F   T H E   K I X T U R E  I N  M O L A R   l ! N I T S .  
K E F E R E N C E   E O U A T I O N  ( 1 1 . 4 . 3 0 ) .  

S U F R O U T I N E   C K H R M L   ( T , X , I W ~ R K , W O R K , H B M L I  
T H I S   S U B i ( D U T 1 N E   R E T U R N S   T H E   M O L A F   W E I G H T E D   Y E L N   E N T H A L P Y  

P A G E  1 3 4  

. OF T H E   Y I X T U R F  I N  V O L A R   U N I T S .   R E F E R E N C E   E Q U A T i D N  ( 1 1 . 4 . 2 2 ) .  
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S U B R O U T I N E   C K S B M L   ( T , X , I W O R K , W O R K , S B M L I   P A G E  15: 
T H I S   S U B R O U T I Y E   R E T U R N S  THE H C L A R   W E I G H T E D   M E A Y   S T A N D A R D   S T k T E  
E N T R O P Y   O F   T H E   M I X T U R E  I N  M O L A R   U N I T S .   2 E F E P E N C E   E O .   ( 1 1 . 4 . 2 4 1  

S U B R O U T I N E   C K U B M L  ( T t X ,   I W O R K , W O R K v U e Y L )   P A G E  1153 
T H I S   S U B R O U T I N E   R E T U F . N S   T H E   M O L A R   W E I G H T E O   M E A N   I N T E R N A L  
E N E K G Y   O F   T H E   Y I X T U R E  I N  M O L & ' ?   U N I T S .   R E F E R E N C E   E O U A T I O N  
( 1 1 . 4 . 2 9 ) .  

13. C H E M I C A L   P R O D U C T I C N   R A T E S .  

S U e R O U T I N E   C K C O C  (T,C,IWOPK,WOKK,CDOT,ODOTl P A G F  9 7  
T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A P   C R E A T I C Y   A N D   D E S T R U C T I O N  
Q A T E S  O F  T H E   S P F C I E S   G I V E N   T H E   T E Y P E R A T U R E   4 N D   M C L A h  
C O N C E N T R A T I O N S .   R E F E R F N C E   E O U A T I Q I J  ( 1 1 . 5 . 1 3 1 .  

S U B R O U T I N E   C K C D X P  ( P , T , X , I W O P K , ~ ~ R K I C C O T I O D C T )  P A G E  9i 
T t ! I S   S U 4 R O U T I N E   R E T U P N S   T H E   Y O L A 2   C f i E A T I C N  AWD D E S T Q U C T I O N  

r Q L E   F G A C T I C I N t .   R F F E R E Y C E   E O U A T I C N  ( 1 1 . 5  . l ' l .  
Q A T E S  ClF T H E   S P E C I E S   G 1 V E f . I   P R E S S U R E ,   T E N P E P A T U Q E  LND 

S U C Q O U T I ' I E   C K C D X Q  ( R H 3 ~ T ~ X ~ I W O R K I W O R K , C C O T , D D O T I  D A G ?  C l  
T H I S   S U S R O U T I N E   P . E T U F N S  T H E  M O L A R   C P E A T ! O Y   A N 3   O E S T R U C T I O h J  

A N D   Y O L E   F R A C T I O N S .   R E F E R E N C F   E O U A T I O N  ( 1 1 . 5 . 1 3 1 .  
R A T E S  CIF T H E   S P E C I F S   G I V E Y   T H E  M P S S  D E f 4 S I T Y t   T E Y P E R P T U Q E  

S U B R C I U T I N E   C K C D Y P  ( P , T ~ Y ~ I W O ~ K , W O R K I C D ~ T I ~ D ~ ~ I  P A G C  $ 1  
T H I S  S U S R O U T I N E   Z E T U R N S  T H E  Y O L A G   C R E A T I C Y   A N D   D E S T R U C T I J Y  

M A S S   F R A C T I O N S .   R E F E R E N C E   E O U A T I C V   ( 1 1 . 5 . 1 3 1 .  
R A T E S  OF T H E   S P E C I E S   G I V E N   M A S S  D E N S I T Y ,  T F Y P E k A T U Q E   A N D  

S U 6 C O U T I N E   C K C D Y R  ~ R H O ~ T ~ Y ~ I ~ O R K ~ W O R K ~ C D O T ~ O O O T ~  P I G 5  9 2  
T H I S   S U 3 R O U T I N E   R E T U R N S   T H E   M O L A P   C R E A T I C N   A N D   D E S T R U C T I ' I N  
R A T E S   O F  T H E  S P E C I E S   G I V E N   T H t   M I S S   C E Y S I T Y ,   T E M P C F A T U Q €  
A N D   M A S S   F R A C T I D N S .   P E F F R E V C E   E Q U A T I O N  ( I I . 5 . 1 ? 1  

S U S R O U T I Y E   C K C O F I T   ( K ~ Q O P ~ I W O R K , W U R K , C I K )   P A G E  C 4  
T H I S   S U S R O U T I N E   R E T U R N S   T H E   C D Y 7 P I R I J T I O N  Gc T H E  I 1  P E A C T I ' I N S  
T n  THE V O L A R   P G f l O U C T I C N   R A T E  ' I F  T H E  :( T H  S P E C I E S .  

S U B R r 7 U T I N E   C K C T C  ( T ~ C I I W O H K . W O K K , C D O T 1 T h U J  P A G E  96  
T H I S  S U S 2 O U T I N E   R E T U R F I S  T H E  Y c l L A P   C f i E P T I C N   Q A T E S   A N D  
C H A G A C T E 8 I S T I C   C E S T P L C T I O Y   T I M E S  2F T H E   S P E C I E S   G I V E N  
T H E   T f Y P i R A T U F  E 4 N 0   C C L A P   C O N C E N T R A T   I C N S .  P f  F E E E N C c l  
F O U A T I O Y  ( 1 1 . 5 . 1 6 J .  

S U e R O U T I N E   C K C T X P  ~ P , T ~ X , I W O ~ K ~ ~ O R Y ~ C D O T ~ ~ A U l  P A G E  97 
THIS S U B R O U T I N E   Q C T U P Y S   T H E   q U L A F   C R E A T I C N   R A T E ' ;   A N D  
C H A R A C T E R I S T I C   D E S T F U C T I D N   T I M E S  J F  T H E   S P E C I E S   G I V E N  

E Q U A T I O N   ( 1 1 . 5 . 1 6 ) .  
T H E   D Q E S S U R E .   T E M P E P A T U F F   A k D   M O L E   F R A C T I O N S .   R E F E R E N C E  

S U H O I U T I N E   C K C T X R  ( R H O I T , X , I ~ ' I E K , W @ Q K , C O n T t T P U i  V A G E  $ 9  
THIS s u a R o u T I r 4 :  P ~ T U R N S  T W E  M O L A K  CFFATIIIN R A T E S  IUD 
C H 4 P 4 C T E R l S T I C   D E S T F U C T l n N   T I M E S  O E  T H E   S P E C I E S   S I V E N  
T H C  H A S S   D E N S I T Y ,   T E H P E K A T U K F   A N 3  H O L E  F P A C T I C Y S .   P E F E Q F V C C :  
E O L I A T I G F I   ( 1 1 . 5 . 1 6 1 .  

S U S Q n U T I N E   C K C T Y P  ~ P I T I Y I I W O R K . W @ P K , C O ~ T , T A U l  P A G E  49 
T H I S   S U b R O U T I N E   R E T U P V S   T H E   V O L A F   C C E A T I C N   R A T E S   A N 0  
C H A P A C T E K I S T I C   D E S T R U C T I O N   T I M E S  3 F  THE S P E C I E S   G I V E N  
T H F   Y A S S   D E N S I T Y ,   T E M P E F A T U K E   A N 0   Y A S S   F R A C T I ' X S .   4 E F E R C N i E  
E O U A T I O Y  !!I .5.161. 

S I J B f i 0 U T I N E   C K C T Y L  ( 9 H 0 , T , Y , I H O F K , W ~ P K , C D ' ~ T r T A U )  P A C E  99 
T H I S  S U S R O U T I N E   h E T U K N S   T H E   " 3 L b 9   C R E A T 1 C . N   G A T E S  4 Y D  
C H A K A C T E R ! S T I C   D E S T R U C T I O N   T I M E S   O F   T H E   S P E C I E S   G I V E N  

E Q U A T I O N   ( 1 1 . 5 . 1 6 )  
T H E   Y A S S   D E N S I T Y ,   T E M P E k 4 T U F E   A N D  M b S S  F R A C T I C N S .   R E F E R E N C E  
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S U B R O U T I N E   C K W C   I T I C , I W @ ~ K I W ~ ~ ~ K I W D O T I   P A G E  165 
T H I S   S U S R O U T I N E   K E T U R h S   T H E   M O L A R   P K O D U C T I O N   F A T E S   O F   T H E  
S P E C I E S   G I V E N   T H E   T E b ' 3 E R A T U R E   A N 0   M O L A R   C O N C E N T R A T I O N S .  
R E F E R E N C E   E O U A T I G N  ( 1 1  . 5 . 2 . 1  

S U B P O U T I N E   C K W X P   ( D , T ~ I . I Y O R K ~ W O R K , W D O T )   P A G C  1 6 7  
T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A R   P 2 Q D U C T I O N   R A T E S   O F   T H E  
S P E C I E S   G I V E N   T H E   P R E S S U R E ,   T F M P E R A T U R E   A N D   Y O L E   F R A C T I O N S .  
K E F E R E N C E   E O U A T I 3 N  ( 1 1 . 5 . 2 1 .  

S U R R O U T I Q E   C K W X R  I h H ~ , T , X , l U O R K , W O R K , W O O T )  'aGF 1 6 7  
T H I S   S U B R O U T I N E   R E T U R N S   T H E   b l O L A P   P R O D U C T I O N   R A T E S  CT T H E  
S P E C I E S   G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M O L E  
F h A C T I O N S .   K E F E R E N C E   E O U A T I r 3 ' 4  ( I  1.5.2). 

S U a R f l U T I N E   C K W Y P   ( P , T ~ Y ~ I W O % K I W ~ R K ~ W ~ O T )   P A G E  1 4 8  
T H I S  S U R R Q U T I N 5   R E T U R N S  THE M O L A R   P F O D U C T I O N   R A T E S  

F G A C T I O N S .   R F F E k E ' J C E   E O U A T I O N  I 1 1 . 5 . 2 1 .  
OF T H F  S P f C I E S  G I V E Y  T H E  D K E S S U F E t   T E M P F R A T U E E   A N D   Y A S S  

S U R R O U T I N E   C K W Y R  lh t t ' ? .T ,Y , IW 'h i c rUr )RK,WDOT)  V A G c  1 5 6  
T H i S  S U 8 k O U T I N E   H E T I J S Y S  T ' i E  I.Z!JLAP P K C D U C T I O N   R A T E S  CIF T H E  
S P E C I E S   G I V E N   T H E  M A C S  DEh4SI  T Y ,   T E M P E F A T U R E  AND M A S S  
F R & C . T I O N S .  F E F E F E N C E  E C ! U A T I n N  1 1 1 . 5 . 2 ) .  



S U B R O U T I N E   C K O Y P   ~ P ~ ~ ~ Y ~ I W O R K ~ W O Q K ~ G O P I  
T H I S   S U S R O U T I N E   R E T U R N S   T H E   R A T E   O F   P F C I G R E S S   V A R I   h R L E S   F g O  

C E F E R E N C E   E O U A T I C N S   ( 1 1 . 5 . 4 1   A N D  ( 1 1 . 5 . 1 1 ) .  

P A G E  1 4 4  

T H E   R E A C T I O N S   G I V E N   P R E S S U R E g   T E M P E R A T U R E   A N D   Y A S S   F R A C T I O Y S .  

S U B R O U T I N E   C K O Y P  f S H O ~ T ~ Y ~ I W O R K , W O R K , P O P l  P A G E  1 4 5  
T H I S  S U S R O U T I N E   R E T U P N S   T H E   R A T E   O F   P R O G R E S S   V A Z I A B L E S   F O O  
T H E   R E A C T I O N S   G I V E N   M A S S   D E N S I T Y ,   T E Y P E F A T U R E  AhJD M A S S  
F R A C T I O N S .   R E F E R E N C E   E O U A T I O N S   ( 1 1 . 5 . 4 1   A N D   ( I I . 5 . l i l .  

1 5 .  S E N S I T I V I T Y   P A R A M E T E R S .  

S U R f i O U T I Y E   C K S A C  ~ T , C I K D I Y ~ I W O ~ K ~ W O R K I D W K D ~ I I  P A G E  1 4 7  
T H I S   S U B R O U T I N E   R E T U R N S  THE P A R T I A L   O E S I V A T I V E S  OF T H E   H i ) L 4 H  
P R O D U C T I @ N   R A T E S  O F  T H E   S P E C I E S   W I T H   A E S P E C T  T O  T H E   P R E -  
E X P O N E N T I A L   C O N S T A N T S  O F  T H E   R E A C T I O N S   C l V E Y   T E U O E E A T U R E   A N 3  
M O L A R   C O Y C E N T R A T I O N S .   R E F E R E N C E   E O U A T I O N   ( l l . l ~ . ? l .  

S U B R O U T I N E   C K S A X P  ( P , T , X ~ K D I r ~ l W Q P K , W ~ R K ~ D W K ~ A I  I P A G E   1 4 3  
T h I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V P T I V E S  C F  MCILAR 
PRODUCTION R A T E S  O F  THE s D E c r E s  WITH R E S P E C T  T O  T H E  PFE-  
E X P O N E N T I A L   C O N S T A N T S  OF T H E   R E A C T I O N S   G I V E N   P R t S S U p , E ,  
T “ 4 P E R A T U P E   A N D   V O L E   F R A C T I O N S .   R k F E R E V C C E   E C ) U A T  I O N  ( 1 1 . 1 1 . 3 1 .  

S U B Q O U T I N E   C K S A X R  I R H U ~ T I X ~ K D I ~ ~ I W O R K ~ W D R K ~ C W K D A ~  I PACSE 1 4 d  
T H I S   S U a R O U l  I N E  P E T U K N S   T H E   P A P T I A L   D E R I V A T I V E S  @F T H E  M C l L 4 R  
P R O D U C T I O N   R A T E S  O c  T H E   S P E C I F S   W I T H   R E S P E C T   T O   T H E   P Q F -  
E X P O N E N T I A L   C O N S T L N T S  OF T H E   R E A C T I O N S   G I V E N  M A S S  D E Y S I T Y r  
T E Y P E R A T U R E   A N D   P O L E   F R A C T I O N S .   R E F E R E N C E   E Q U P T  I O N  ( I I . 1 1 . 3 1 .  

S U C R O U T i Y E   C K S A Y P  ~ P , T ~ Y I K D I ~ ~ I W O ~ K ~ W O K K I ~ W K D A I  I P A G E  !.‘-9 
T H I S   S U S R O U T I N 5   Q E T U R N S   T H E   P A R T I 4 L   D E R I V A T I V E S  CF T n f   Y O L A Q  
P i ( 3 D U C T l @ W   r i A 7 i S  O F  T H E   S P E C I E S   W I T H   P E S P E C T   T O   T H E   P h E -  
E X P O Y E N T I A L   C O Y S T A N T S  OF T H E   R E A C T I C N S   G I V E N   P R E S S U Q E ,  
T E Y P E R A T U k E   A N D   M A S S   F R & C T I O N S .   R E F E Q F V C E   E O U A T I O N   ( 1 1 . 1 1 . 3 ) .  

S ’ J S R O ’ J T I N E   C K S A Y R  ( Q H O , T I Y , K D I ~ , I W O ~ ~ K , W ~ K ~ , C W K O A I  I P 4 5 i  1 4 9  
T H I S  SUBRLXJTINE F ~ E T I J ~ N S  THE PARTIAL  DERIVATIVE^ r F  T H E  Y O L ~ R  
P E 3 o u c T I e N  R A T E S  OF THE SDECIES w r T n  P E S P ~ C T  T O  T H E  P R F -  
E X P O N C N T I A L   C O Y S T A N T S  O F  T H E   R E A C T I S Y S   G I V E N   Y A S S   D E N S I T V .  
T E M P F P A T U F E   A N 3   Y A S S   F P . A C T I P N S .   R E F E R E N C E   E O U A T  I O N  ( I I. :1 . 3 1 .  

S U f 3 9 O U T I N E   C K S B C  ( T , C I K D I M I I W O ~ K , W O ~ K ~ ~ W K ~ ~ I )  
T H I S   S U B K O U T I Y E   R E T U R Y S   T H E   P A P T I A L   D E R I V A T I V E S  OF T H E   M O L A R  
P f i O D U C T I O N   R A T E S  OF T H E   S P E C I E S   W I T H   R E Z P E C T  TCl  T H E  
T E Y P E R A T U f i E   F X P C N E N T S   C f  THE R E A C T I O N S   G I V E N   T E Y P E Q A T U R E  
A N D   ’ 4 O L A Q   C O N C E N T R A T I O N S .   F E F E R E Y C T   E Q U A T I O V  l ! I . ~ l . 4 ~ ~  

P A G E  15s 

S ’ J B A O U T I N E   C K S B X P   ( P v T I X I K O ~ M ,  I WORK.HCJPKIDWKDHI  I 
T H I C  S U k ? Q O U T I N 5   Q E T U E N S   T H E   P A R T 1 4 L   D E R I V A T I V E S  Cc T H E   M 3 L A R  
P P O D U C T i O N   r . 4 T E S  3 F  T H E   S P E C I E S   W I T H   9 f S D E C T   T O  THE 
T E M P E R G T U F E   f X P C U f N T S  @F T H E  > F A C T I O N S   G I V E N   P 9 E S S U 9 E I  
T E M P F q A T U Q E   A l J D   Y O L f   F F A C T I O P J S .   R E F E R E N C E   F O U A T I O F I  (II.1;.41. 

P I G 5  ! 5 2  

S U b % O U T I t J E   C K S S X ?  ( F . ~ ~ , T . X I K ~ I ~ ~ I W O ~ K ~ W C I ~ K , C W K C ~ I  I 
THIS SUSPOUTINE R E T U R N S  THE PAQTIIL D E R I V A T I V E S  3~ T H E  Y n c L c  

P 4 G E  i 5 ?  

P R Q O U C T T O N   k A T F 5  OF THF S P E C I E S  W I T H  Q E S P E C T  T O  THC 
T E Y P E R A T U k E   E X P Q N E N T S   O F   T H F   P E A C T I O N S   G I V E N  M 4 S 5  O C N S I T Y ,  
T E M P E R A T U R E   A V O  Y C L E  F R A C T I C Y S .   a E F E R E M C E   E O U A T I O N   ( 1 1 . 1 ? . 4 1 .  

s u e 3 o u ’ r I N E  C K S R Y P  ~P.T ,Y.KDI~ , I~ORK,WOHK,DWKOBI I  P A G E   1 5 3  
T Y I S   5 U R R O U T I N f   R E T U R N S  THE P A R T I A L   D E R I V A T I V E S   @ F  THE M O L A R  
P P O D O C T I O N   R A T E S  P F  T H E   S P E C I E S   W I T H   L E S P E C T  T O  T H E  
T E M P E R A T U R E   E X P C N E N T S  OF T H E   R E A C T I 9 1 U S   G ! V E N   M A S S   O f Y S l T Y ,  
T E Y P F R A T U R :   A N 0   M A S S   F R A C T I O N S .   R E F E R E N C E   E O U A T I O Y  (lI.:l,Ll. 

SUSQf’LJTINE C K S B Y k  ( RHCI.1 t Y   , K D I ” .   I W O R K v   W C R K ,  DWYDR! 1 
T H I S   S U B R O U T I N E   R E T U R N S   T H E   P P R T I A L   D E R I V A T I V E S  O E  THF MOLAP.  
P R n O U C T I O N   R A T E S   Q F   T H E   S P E C I E S   W I T H   D E S P E C T   T O   T H E  
T E Y P E R A T U P E   E X P O N E N T S  CF T H E   P E A C T I O K S   G I V E N   M A S S   O k N S I T Y ,  
T E Y P E S A T U K E   A N D  ‘ 44SS F R A C T I O N S .   R E F F R E N C E   E O U A T I O Y   ( 1 1 . 1 1 . 4 1  

P A G E  i 5 3  
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S U B k O U T I N E   C K S E C   ( T , C , K D l u r   I W O R K , W O R K , D W K D F I l   P A G E  1 5 4  
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( 1 1 . 3 . 1 1 1 .  
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S U B R O U T I N E   C K D C T X  ( P , T I X ~ I W ~ ~ K I W ~ R K ~ D C @ T P X ~  P 4 G E  1 0 5  
T H I S   S U B R O U T I N E   R E T U Q N S   T H E   P A C T I A L   D E R I V A T I V E S  '?p T P E   P r ) L A R  
CQNCENTRATIONS W I T H  R E S P E C T  T O  T E Y P E R A T U F E  GIVE T H E  P k E s S u q F ,  
T E , Y P E R A T U R E   A N D   M 3 L E   F R A C T I O N S .   R E F E R E N C F   E O U A T  I"'4 ( 1 1  -8.31 

S U B R O U T I N E   C K D C T Y  ( P , T , Y , I W O R K , W g 9 K , n C O T P Y t  P A G E  i05 
T H I S   S U B R O I J T I I J E   R E T U R N S   T H E   P A R T I 4 L   O E G I V A T I V E S  r)F T H E   M O L 4 9  
C O N C E N T R A T I g N S  W I T H  P . E S P E C T   T O   ' I F M P E Q ~ T U P E   G I V E k !   T H E  
P R E S S U R E ,   T E " P E F \ A T U F E   P N C   Y A S S   F R A C T I O N S .  P.EFEP f W C C  E O U 4 T  I O W  
(11.8.71. 

19. C E R I V A T I V E S  OF TH! T H E R Y C D Y N A Y I C   P R P P E R T I E S  ( M A S S  U Y I T S I .  

S U B R O U T   I N E   C K D A M S  ( T  v I W 0 9 K   r W r ) R K v   D A O T Y C  1 P 4 G F  ! 3 2  
T H I S   S U S R O U T I N E   R E T U l i N S   T H E   P A R T I A L   D E R I V A T I V E S  C'F T H E  
S T A N D A R D   S T A T E   H E L M t l O L T Z  C ? E F  E N E R G I E S  I N  M A S S   U N I T S  W I T Y  
R E S P E C T   T O   T t Y P E q A T U R € .   R E F E P E N C E   Z O U A T I O N  ( I  1.9.1'-1. 

S U B R W T I N E   C K D C P S   ( T , I W O R K , W O R K , @ C D T M S 1  P5;E ? O ?  
T H I S   S U R K O U T I Y E   R C ' U K N S   T H E   F A P . T l A L   O E R I V A T ! V E S  C'F- T H E  

S P E C I F I C   H E 4 T S   A T   C C N S T A N T   P R C S S U R E  I N  ' 4 4 5 5   U N I T S   W I T H  
2 E S P C C T  T O  T E Y P E R A T U F E .   P E F E f i E N C E   E O U A T I G Y  ( 1  I . O .  f ) .  

S U F F O U T I N E   C K 3 C V S   ( T . I W O S K , ~ 3 R K , 0 C V T Y S 1   P P G ?  1 1 7  
T H I S   S U 9 R O U T I I J E   k E T U F N S   T H E   P A R T   I A L   D E R 1   V A T I V E S  C F  T H E  

S P E C I F I C   H E A T S   A T   C ? r \ S T A Y T   V ' I L I J M E  I N  U A S ?  U Y I T S   W I T H   k E S p E C C T  
T O   T E M P E R A T U F E .   K E F E P E N C E   E O U A T I O W  ( I I . Q . 1 1 ) .  

S U B R O U T I N E   C K O G M S   ( T , I W 3 P K t W n E K , O G O T . Y S I   0 4 G E  1 1 1  
T H I S  S U S R O U T I Y E   R E T U F W S   T H E   P A R T I A L   O F P I V A T I V E S  nF T r E   S T 4 Y G C 5 3  
S T A T E  G l a b S  E I J E P G I E S  I N  M A S S   U W I I T S  WI'TH O E S P E C T  13 T E M P E R A T U R E .  
R E F E f i E N C E   E Q U A T I O W  (11.3.131. 

S U B 7 0 U T I N E   C K 3 H V S   ( T , I U ~ K K , W ~ S K I D H D T ~ ' 4 S l  DAC.' 1 ' 2  
T H I S   S U 3 Q O U T l ~ l Z   G E T U R W S   T H E   P A P T I L L  D E K I  V A T 1   V E S  CF T H E  
E N T H A L P I E S  I N  Y A S S   U V I T S   Y I T P   P E S P E C T   T O   T E Y P E F A T U S E .  
R i F f i l E N C E   E O U A ' I C N  ( i  1.9. 9 ) .  

S U E R O U T I N E   C K D S M S   ( T , I U f l ? K , W O h K . ~ S D T Y S I   P 4 G C  I Z Q  

T H I S   S U ! 3 R O U T l N F   P C T U R N S   T H E   P b Q T l A L   D E ? I V A T ! V F S  3c T I ( €  
S T A N D A F D   S T A T E   C N T ? 3 P I C S  I N  P A S S  U N I T S   W I T H   R E S P F C T   T O  
T E M P E F A T U k E .   F I E F Y r l E N C E   E Q U A T I O N  ( 1  I .9.1 3 ) .  

S U B R O U T I N E   C K O U M S  ( T , I U ~ ~ ~ . r W O K K I D U D T Y S I   P 4 G c  1 ? 7  
T H I S   S U B i O U T I Y i   R E T U R N S  THE P 4 R T 1 4 L   D E R I V A T I V E 5  2F T H F  
I N T t P N L L   E W E P G I E S  I N  P h S S  U h i I T F   W I T H   P E S P E C T   T D   T E M P E R A T U F E .  
R E F F A E N C E   E O U P T I C U  I 1 1 . 9 . 1 2 ) .  

S U P Q O U T I N ! :   C K O A M i  ( T ~ I W O ~ K ~ W I F K ~ O A ~ T ~ L I   P 4 G 5  1 3 !  
T t i l S   S U R " ' 3 I J T I N E   R E T U R N S  T d E   P d Q T I A L   D f ~ l V A T l V ~ 5  3' T H E  
H F L H H O L T L  F L E F  F Y E Q G I F S  I f 4  Y f l L 4 E   l J N l T S   W I T H   R E 5 ; ' ' L T  7 3  
R E S P E C T  T O  T E ' 4 P E P A T U P E .  k E F E F c E N C E   E O U 4 T  I O N  ( 1  I .'-1.71. 

S U R P O : . T I N E   C K C I C P L   ( T , I W C R K , W ~ R K , C C P T Y L I  FhGE 1 2 3  
T H I S   S U P P O U T I F I F   R C T U Q N S  T H C  P A q T I A L   D F Q I   V A T 1   V E C  3 F  T H E  
S P E C I F I C   H E A T S   A T   C r N S T A Y T   P K E S S U Q E  I N  M O L 4 4   U W l T S   W I T H  
R E S P E C T   T O   T E M P E R 4 T U K E .   D E F E R E N C E   F J l J 4 T   I O N  ( 11.9.1 I .  

SUBROUTINE C K D C V L   ( T t I W O R K , U C F c K r O C V T Y L I   P I C E  107 
T I 1 1 5   S U P R O U T I f 4 E   Q F T U F N S   T H E   P A C T   I A L   D t R l V 4 T I V F S  ? c  T H E  
S P E C I F I C   H f h T S   A T   C C N S T A N T   V O L U M E  I N  Y r l L 4 D   U N I T S  WITH R E S P E C T  
T O  T E Y P E R A T U h c .   k E F E 9 E N C E   E O U L T I O N  ( 1  1.9.41. 
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S U B h O U T I N E   C K D G M L   ( T , I W O R K , W O R K I ~ G D T M L I   P A G E  1 1 3  
T H I S  S U S R O U T I N E   R E T U R V S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   G I B B S  
S T A T E   G l R B S   F R E E   E N E R G I E S  i N  M O L A R   U N I T S   W I T H   P . E S P E C T  T O  
T E M P E R A T U R E .   R E F E R E N C E   E O U A T I O N  ( 1 1 . 3 . 6 ) .  

S U B R O U T   I N E   C K D H M L   ( T  7 I WORK I WORK , O H D T M L  1 P A G E  1 1 1  
T H I S   S U R R O U T I N F   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  Or T H E  
E N T H A L P I E S  I N  Y O L A R   U N I T S   W I T H   R E S P E C T   T C   T E M P E Q A T U K E .  
K E F E Q E N C E   E O U A T I O N  (11.9.21.  

S U B R O U T I N E   C K D S M L   ( T , T W O R K I W O R K , C S D T M L I  P A G E  l l e  
T H I S   S U B R O U T I N E   R E T U P Y S  THE P A R T I A L   D E R I V A T I V E S   U F   T H E  
S T A N D A P O   S T A T E   E N T R O P I E S  I N  M O L A P   U N I T S  WITH R E S P E C T  1 3  
T E ‘ i F E R 4 T U h E .   R E F E R E N C E   F O U A T I O N  l l l . 7 . 3 1 .  

S U R R O U T I N E   C K 3 U M L   ( T v   I W O R K p H O R K ~ D U D T M L 1  O b G 5  1 2 2  
T H I S   S U B R O l J T I N C   Q E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  
I N T E R N A L   E N E h G l E S  I N  M C L A R   U N I T S   W I T H   R E 5 P E C T  T;3 T E Y P E P A T l J ? t ‘ .  
Q E F t R E N C t   E O C A T I C Y  (II.Q.5). 

2 1 .  D E R I V A T I V E S   O F  THE C H E Y I C A L   P R C D U C T I O U   R A T E S .  

S U B R O ’ J T I N E   C K D T C  ( T , C t  I W i l R K , W O R K ~ D H D T C )   P C G E  11’7 
T H I S   S U B R O U T I N E   R E T U R N S  THC P A P . T I A L   C E R I V A T I V E S  O f  T H E   H U L A 2  
P R O @ U C T l f l N  2 . A T E C  OF THE S P E C I E S  W I T H  R F S P E C T  T O   T E M P E R A T U R E  
G I V E N   T H E   T E C P E F A T U R E  A V O  H O L A P   C O N C E N T R A T I O N S .   F E F E R E Y C C  
F O U A T I O Y  ( 1 1 . 1 9 . 1 ) .  

S U P R O t J T  1hlE C K D T X P  1 P . T , X v   I W I - ’ Q K I W ~ R K , D W D T P X )   P A G E  ? 2 0  
THTS S U S F O U T  I N E  R E r T U P Y S   T H E   P A R T I A L  D E R 1  V A T I V E S  C F  T’HE Y C L b c ,  
P 8 3 P U C T I O Y   h A T E S  O F  T H E   S P E C I E S   W I T h   R E S P E C T   T 3   1 E M P E R A T U F . E  
G I V E N   T H E   P R E S S U O E   A N D  Yr!LE F R A C T I O N S .   K E F E R L N C E   E O U A T I O N  
( 1 1 . 1 3 . ? ! .  

S U S R f l U T I N f   C K D T X R  ( R H ? . T , X , I H O R K , h ’ @ ~ K , D W D T R X 1  P A C E  120 
T H I S  S U R l t f l U T I N E   R C T U R N S  THE P A R T I A L   D E R I V A T I V E S  9 F  T H C  MCJLhF 

G I V E Y  T H E  Y A S S  D E N S I T Y ,   T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .  
R E r E R E N C E   E O U A T I C N  (11.10.11.  

PRODUCTIOY ~ A T E S  OF T H E  SPECIES WITH R E S P E C T  T O  T E C P E R A T U R L  

S U ~ R C I U i I t l E   C K O T Y P  ( P I T , Y , I W f l Q K I W O R K , D W O T P Y l  P h G E  1 2 1  

P R O r J l J C T I f l N  P A T E S   I ) F   T H E  S P E C I E S  W t T H   R E S P E C T   T i l   T t Y P E P A T U R E  
G I V E N   T H E   P R E S S U R E ,   T E P P E R A T U P E   A N D  M d S S   F i t A C T  I O N S .  
R E F E R E N C E   F O U 4 T l O N  ( I  1 . 1 0 . 1  1 .  

T t i I S  S U R : ~ U U T I N E   R c T U Q N S  T t l E  P A R T I A L   D E R I V A T I V E S  9t: THE FzCJLAQ 

S U P Q Q U T I N E   C K O T Y R  ( R H ~ ~ T I Y , I W O P K I W @ P X I D W D T R Y I  P 4 G E  !il 
T l t I S  S U B R O U T I Y E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  MOL4.7  
P R ’ J D c l C T I O Y   R A T E S   O F   T H E   S P E C I E S   W I T 1 4   K E S P E C T   T O   T E M P E K A T U G F  

R E F E Q E N C E   E O U A T I O N  ( I  I .10.1). 
G I V E V   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U K E   A N D   M A S S   F R A C T I O N S .  

SU ‘ iPnUTINF  CKDWC ( T , C ~ K D I M ~ I W O K K ~ W O R K ~ D W D C T l  P A C ’  124 
T H I S   S U S R U U T I I I E   R E T U 9 N S   T H E   P A Q T I A L   D E R I V A T I V E S  O F  T H E  M r l L A 9  
P F 0 0 1 1 C T l O N   L A T E 5   O F   T H E   S P E C I E S   W I T H   R E S P E C T  T O  M U L A R  
C O N C E N T P A T I O N S   G I V E Y   T H E   T E M P E R A T U l E   A N D   M O L A R   C C Y C E Y T Q A T I I - J N S .  
R E F E R E N C E   E O U A T I C Y  1 1 1 . 1 3 . 2 5 1 .  

S U B G O U T I N F   C K S W P X  ( P I T ~ X ~ I W O R K ~ W O R K ~ D W D P T X )  P L G E  ! 2 5  
T H I S   S U R k O U T l N E   R E T U P N S  THE P A R T I A L   D E X I V A T I V F S   O F  THE M O L 4 2  
P R O D U C T I O N   R A T E S  OF THE S P E C I E S  W I T H   R E S P E C T   T O   P K E S S U R E  

R E F E R E N C E   E O U A T I C N   ( 1 1 . 1 9 . 3 2 1 .  
G I V E ’ 4  T H E   P R E S S U R E ,   T E M P E R A T U R E   A N 0  MOLE F h A C T I O Y S .  

S V B R I 1 U T I N E   C K D W P Y  ( P , T , Y , I W O R K , H ~ R K I D W D P T Y I  P 4 G E  1 2 5  
T H I S   S L ! R Q O U T I Y E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   M O L 4 4  
P R O D U C T I O N   R A T E S  CJF T H E   S P E C I E S   W I T H   R E S P E C T  T O  P Q F S S U R E  
G I V E N   T H E   D Q E S S U R E .   T E t ’ P E f i A T U R E   A N D   P A S S   F R A C T I O N S .  
R C F E P . E Y C E   E O U A T I O N  ( 1 1 . 1 0 . 3 2 1 .  
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S U B R O U T I N E   C K D W R X  ( R H O ~ T ~ X ~ I U O F K r W U R K , D ~ D R T X )  O A G E  1 2 6  
T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  
P R O D U C T I O N   G A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T  13 T H E   M A S 5  
D E N S I T Y   G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   P @ L E  
F R A C T I O N S .   R E F E R E N C E   E O U A T 1 3 N  (11.10.38). 

S U B R O U T I N E   C K D W R Y  ( R H 3 ~ T ~ Y , I U O R K , W O R K , D U D R T Y )  P & G €   1 2 6  
T H I S   S U B Q O U T I N E   R E T U R N S   T H E   P A R T I A L   D F R ! V A T I V E S  CIF THC Y 3 C A 9  
P R C I D U C T I O N   R A T E S   n F   T H E   S P E C I E S  WITH R E S P E C T  T U  T H E   M A S S  
D E N S   I T Y   G i V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   P A S S  
F R A C T I O F J S .   R E C E R E N C E   E O U A T I O N  ( 1  l.lO.3eI. 

S U B R O U T I N E   C K O W X P  ( P . T . X ~ K D I M ~ I W O P K ~ J O R K 1 D W D X D f )  P A G E  1 2 7  
T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I C L   9 E G I V b . T I V E S  OF T H E   M O L A S  
P R O D U C T I O N   R A T E S   J F   T H E   S D E C I : S   W I T H  L E S P E L :  T O  :.(OLE F k A C T I O k S  
G I V E N   T H E   P Q E S S U R E .   T E M P E R A T U R E   A N D  MOLE F R A C T I C J t d S .   F E F E R E V C E  
E O U A T I O N  (11.13.19) .  

S U B F O U T I N E   C K D W X R  ( R H O , T ~ X ~ K O I M , I W O R K I W ~ ~ K ~ D ~ D X ~ . T )  P A C F  1'7 
T H I  5 S U S R O U T I N E  R E T U S N S  T H E   P A G T I A L   D E R I V A T I   V F C  OF T H E   , Y C C A 9  
P R O D U C T I O N   R A T E S   O F   T H E   S P E C I E S   W I T H   R E S P E C T   T O  P O L E  F C C C T I O Y S  
G I V E N   T H E   M A S S   D E N S I T Y +   T C Y P E R A T U R E   A N D  POLE F R A C T I C T V S .  
X E F E R E N C E   E O U A T I O N   ~ I I . l . C J . 1 9 1 .  

S U B Q O U T I N E   C K O W Y P  ( P . T ~ Y ~ K D I M ~ I W O G K I W O R K , D W D Y P T I  
T H I S   S U B Q O U T I V E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F  THE n O L A R  
P K O D U C T I 0 4 ;  R A T E S  S F   T H E   S P E C I E S   W I T H   R E S P E C T   T O   T H E   M A S S  
F h A C T l C l N S   G I V E N   T H E   P K F i S U R E ,   T E H P E F A T U G E   A N D  M A S S  F R A C T I O N .  
h E F E H E N C E   E O U A T I C N  ( i i  10.13) .  

P h C i  ! 2 0  

. 5 L J B R O U T I Y f   C K O W Y R  ~ R H ~ ~ T ~ Y ~ K ~ l % r I W O R K , W 0 4 K I O V D Y s T )  P A G E  1 2 9  
T H I S   S U B R O U T I N E   Q E T U F N S  in: P C R T I A C   D E R I V A T I V E S   O F  THE M O L A Q  
P R r ) D U C T I O N   R A T C S  9 s -  T H E  S " S C I E C  WITH R E S P E C T   T O   T H E   Y A 5 S  

F R A C T I l l Y 5 .   R E C E G C N C E   E Q U A T I O N  ( 1 1 . 1 0 . 1 3 1 .  
F S & C T I O N S   G I V E Y  Tl15  MASS $ ? E h S I T Y ,  T E Y P E Q A T U K E   A N D  MASS 
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VI. A l p h a b e t i c a l   L i s t i n g   o f   t n e  Gas-Phase S u b r o u t i n e  
L i b r a r y  w i  t h  D e t a i  1 e d   I n s t r u c t i o n s  

Each o f  t h e  Gas-Phase L i b r a r y   s u b r o u t i n e s   i s   d e s c r i b e d   i n   t h i s   c h a p t e r ,  

t o g e t h e r   w i t h  a d e t a i l e d   d e s c r i p t i o n   o f   t h e   p a r a m e t e r s   i n   t h e   c a l l  1 i s t .  F o r  

a l l   a r r a y s ,   i n f o r m a t i o n   i s   g i v e n  o n   t h e   r e q u i r e d   d i m e n s . i o n i n g   i n   t h e   c a l l i n g  

program.  For  all v a r i a b l e s   h a v i n g   u n i t s ,   t h e   c g s   u n i t s   a r e   s t a t e d .   I n  many 

cases, a r e f e r e n c e   t o   t h e   m o s t   a p p l i c a b l e   e q u a t i o n   i n   C h a p t e r  I I i s  a1 so 

g i v e n .  

S U B R O U T I N E   C K A B E   ( I W O R K , W O R K , R A , R B , R E )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   A R R H E N I U S   C O E F F I C I E N T S   F O R  
T H E   R E A C T I O N S .   R E F E R E N C E   E Q U A T I O N  ( 1 1 . 5 . 5 1 .  

I N P U T  
i U O R K  

WORK 

O U T P U T  
R A  

R B  

R E  

C K A B M L  

- A R R A Y   O F   I N T E G E R   I N T E R N A L  kORI '  S P A C E .   T H E  I W O H K  A H R A W  
I S   I N I T I A L I Z E O  OY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  I W O R K ( * )  A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E P U I R E D   L E N \ * * T H  OF I W O H K .  - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  

l Y I T I A L I Z E 0  B Y   T H E   C A L L   T O   S U B R I U T I N E   C K I N I T .  
D I M E N S I G N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q L ' I R E D   L E N G T H   O F  WORK. 

- A R R A Y   C F   P R E - E X P O N E N T I A L   C O N S T A N T S   F O R   T H E  1 1  
R E A C T I O N S .  

C G S   W I T S  - D E P E N D S   O N   R E A C T I O N .  
D I M E N S I O N  R A ( * l  A T   L E A S T  11. - A R R A Y  O F  T E M P E R A T U R E   D E P E N D E N C E   E X P O N E N T S   F O R   T H E  I 1  

R E A C T I O N S .  
C G S   U N I T S  - N O N E .  
D I M E N S I O N  R e ( * )  A T   L E A S T  11. - A R R A Y  O F  A C T I V A T I O N   E N E R G I E S   F O R   T H E   1 1   R E A C T I O N S .  
P R E F E R R E D   U N I T S  - C A L I M O L E .   U N I T S   O N  R E  M U S T   B E  
C O M P A T I G L E   W I T H   T H E   U N I T S   G I V E N   F O R   R U C .  
O I M E N S I O N  R E ( * )  A T   L E A S T  1 1 .  

C . K A B H L   C K A B M L   C K A B M L   C K A B M L  C K A B H L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * r * * * * * * * * * * * * * * * 3 * * * * *  

************* 
S U B R O U T I N E   C K A B M L   ( T 1 X , I W O R K , W O R K , A B M L I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A R   W E I G H T E D   M E A N  
S T A N D A R D   S T A T E   H E L M H O L T Z   F R E E   E N E R G Y  f lF  T H E   M I X T U R E   I N   M O L A R  
U N I T S .   R E F E R E N C E   E Q U A T I O N  ( 1 1  - 4 . 3 2 )  

I N P U T  
T - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S  OF T H E   K K   S P E C I E S .  
C G S   U s l I T S  - K 

C G S  U N I T S  - N O N E .  
O I M E N S I O N   X ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N  I W O R K ( * )  A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E C l U I R E O   L E N G T H  OF I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

IS I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  W O R K   S P A C E .   T H E   W O R K   A R R A Y  I S  
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D I M E a ' i S I O N  HCl?.K(*) A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
D E T A I L S  ON T H E   R E O U I R E O   L E t l G T H   O F  WORK. 

O U T P i J T  
A B M L  - !4OCCR W E I G H T E D   M E A N   S T A N D A R D   S T A T E   H E L M H O L T Z   F R E E  

E N E R G Y  I V  M O L A R   U N I T S .  
C G S   U h ( I I ' S  - E R G S / M O L E .  

C K   A B M S   C K A D M S   C K A B M S   C K   A B M S   C K A R H S   C K A B M S  
*****+u****************************** 

r * ~ * * + * * * * * * * * * * * * + * * * * * ~  

I************ 

S U B R O U T  I N E   C K A B M S  ( T 1 Y t I W O R K  t WORK 9 A B M S  I 

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M A S S   W E I G H T E D   M E A N  
S T A h O A R O   S T A T E   H E L M H O L T Z   F R E E   E N E R G Y  06 T H E   H I X T U P E  I N  M A S S  
U N I T S .   R E F E R E N C E   E O U A T I O N   1 1 1 . 4 . 3 3 1 -  

I N PU'I 
T - 7 E M P E R A T U R E .  

C G S  U V I T S  - K 
Y - A R R A Y   O F   M A S S   F R A C T I O N S   O F   T t i F   K K   S P E C I E S .  

C C S  UXITS - N O N E .  
O I M E N S l O N   Y ( * )   A T   L E A S T   K K .  

I W O P K  - A R R A Y   O F   I N T F G E R   I N T E R N A L   W O R K   S P A C E .  THE I W O R K   A F Q A Y  
IS I N I T I A L I Z E 2  B Y   T H E   C A L L   T O   S U B R O U T l N E   C K ! N I T .  

G I N E N S I O N   I W U R : ; l * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N  TF'E R E O U I R E O   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  W O R K   S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I ~ I L I L E O  B Y  TI+€ C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T  LENW::. S E E   C K I N I T   F O R  
D E T A I L S  JN T H E   R E O U I R E D   L E N G T H   O F  WORK. 

O U T  PUT 
ARMS - M A S S  ! 4 E I G t i T E D  M E A N   S T A N D A R D   S T A T E   H E L M H O L 7 Z   F R E E  

E N E R G Y  I N  Y A S S   U N I T S L  
C G S  U N I T S  - E R G S / G M .  

C K A C L   C K 4 M L   C K A M C   C K A H L   C K A M L   C K 4 H L  
* + + * + 4 9 + * + 2 4 t * * + L C + e a * * ~ ~ * * + * * * 8 * * * * t  

+ * * * * + + + * + + + * * * * * * * * * * * * *  
+ * * * * * * * * * 4 * *  

S U H R O U T l N E   C K A M L   I T ,   I W O R K , W O R K I A M L I  

T H I S   S U R R O l J T I N E   Q E T U R N S   T H E   S T A N D P . R D  5 : A T E   H E L M H O L T Z   F R E E  
E N E R G I E S  I r J  M O L A R   U N I T S .   R E F E R E N C E   E O U A T I U N  ( 1 1 . 4 . 1 2 1 .  

I N P U T  
T - T E M F E R A T U R E .  

I W O P K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I b O R K   A R R A Y  

Q I M E N S I O N  I W O R X ( * I  A T  L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S  Oh T H E   R E O U I R F D   L E N G T H  O F  I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L   W J R K   S P A C E .   T H E   W O R h   A R P A Y   I S  
I N I T I A L I Z E D   2 Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D E T A I L S   O N   T H E   A E O U I R E D   L E N G T H   O F  WORA. 

C G S   U N I T S  - K 

IS : N Z T I A L I Z E 3  B Y   T Y E   C A L L   T O   S U B h O U T I N E   C K , : J I T .  

D I M E N S I O N   W O R K ( * )  A T  L E A S T   L E N W K .   S L E   C K I N I T   F O R  

O U T P U T  
AHL - A R R A Y   O F   S T A N D A R D   S T A T E   H F L M H O L T Z   F R E E   E N E R G I E S  I N  

M O L A R   U N I T S   F O R   T H E   K K  S P E C I E S .  
C G S   U N I T S  - E R G S / M O L E .  
D I M E N S I O N  A M L ( * I   A T   L E A S T   K K .  



I .  

I 

C K A M S   C K A M S   C K A M S   C K A M S   C K A P S   C K A M C  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* ************  

S ' J B R O U T I N E   C K A M S   ( T v   I W O R K v W O R K v A M S l  

T H I S   S U B R D U T I N E   R C T U R N S  T H E   S T A N D A R D   S T A T E  H E L Y H O L T L   F R E E  
E N E G G I E S  I N  M A S S   U : : I T S .  Q E F E R E N C E   E Q U A T I O N  ( 1 1 . 4 . 1 9 1 .  

I N P U T  
T - T E M P E R A T U R E .  

I a O A K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .  THE I W O R K   I R R A Y  
C.GS U N I T S  - K 

I S  I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I Y E N S I O N   I W 3 R K I * I   A T   L E A S T   L E N I W K .  S € E  C K I N I T  FOP. 
D E T L I L S  ON T H E   P E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   Q E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A P R A Y  I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O l J T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T  F O R  
O E Y A I L S   I N   T H E   P E O U I R E D   L E N G T H   O F   W O K K .  

O U T P U T  
AMS - A R R A Y  CIF S T A N D A R D   Z T A T E   H E L M H O L T Z   F R E E   E N E P . G I E S  1'4 

M A S S  U N I T S  F O R   T H E   K K   S P E C I E S .  
C G S  U N I T S  - EKGS:GM. 
D I M E N S I O N  A M S l * I   A T   L E A S T   K K .  

C K A T H M   C K A T H M   C K A T  H M  C K A T H H   C K A T H M   C K A T H Y  
* * * * * * * * * * * * * * * * * * * * IY+* * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U B O U T I N E   C K A T H H  I Y D I M ~ I N D I M ~ I I W O R K I U O R K ~ T M I D ~ A ~  

T H I S   S U A P O U T I N E   R F T U R Y S   T H E   C O E F F I C I E Y T S  OF T H E   F I T S  FOG T H E  
T H E R H O D Y Y A M I C   P R O P E R T I E S  OF T H E   S P E C I E S .   R E F E R E N C E   E O U A T I O N S  
(11.4.11 T H R O U G H  1 1 1 . 4 . 8 1 .  

I N P U T  
N D I M 1  - A C T U A L   F I R S T   D I M f l d S I O N   O F   A R R A Y  O F  THERM(lDYNAM1C F I T  

C O E F F I C I E N T S .   N D ! Y 1   M U S T   B E  A T  L E A S T   N C P 2 ,   T H E   T O T A L  
N U M B E R  T;F C O E F F I C I E N T S  F O R   O N E   T F M P E R O T t I R E   R A N G E  

C O E F F I C I E I I T S .   N D I M Z  M U S T  R E   A T   L E A S T  2 S I N C E   T H E R E   A R E  
2 T E H P E Q A T U R E   R A N G E S .  

I S  I N I T I 4 L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I Y I T .  

N D I H ?  - A C T U A L   S E C O N D  DIMENSION O F   A R R A Y  O F  T H E R M O D Y N A M I C   F I T  

I U O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O Q K   S P A C E .  THE I l c ' O Q K   A R R A Y  

D I Y € N S I O N  IWOQK(*l A T   L E A S T   L E N I W K .  S E t  C K I N I T   F O H  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF I H L I R K .  

WORK - A R R A Y  O F  R E A L   I F I T E h N A L   W O h K   S P A C E .   T H E  WORK A P 9 A Y  I S  
INITIALIZED ey THE C A L L  ~n SUBRO~JTINE CKIVIT. 

O I M E N S l @ N  W O R K ( * )  A T   L E A S T   L E r J k K .  S C E  C K I N I T   F f l R  
D E T A I L S  ON T t i E  P i U U 1   P E D   L E N G T H  OF W O R K .  

O I J T P U T  
T H I O  - A R R A Y   O F   C O M M C N   T E M P E R A T U R E 5   D I V I D I N G   T H E   d I G H  AND 

L O W   T E M P E R A T U R E   T H E R M O D Y N A M I C   F I T S  Tn T H E  
T H E R M O D Y N A M I C   D A T A .  
I C G S   U N I T S  - K .  

D I M E N S I O N   T Y I O ( * )   A T   L E A S T   K K .  
A - T H R E E   D I Y E N S I D N A L   A R R A Y   O F   F I T   C O E F F I C I E N T S   T O   T H E  

T H E R M O O Y N A M I C   O A T 4  FOR T H E   K K   S P E C I E S .  
T H E   I N D I C I E S  I N  A ( N v L v K )   M E A N -  
N = l r N N   R E P R E S E N T   P O L Y N O M I A L   C O E F F I C I E N T S  I N  C P / Q  

C P / R ( K I = A ( l t L , K l  4 A l 2 1 L v K I * T  4 A ( 3 v L t K l ' T * * t  4 ... 
N x NN41 I S  F O R  T Y E  F O R M A T I O N   E N T H A L P I E S ,   1 . E . v  

H O / P  5: A ( N l 4 + l r L t K I  
N = NN+2 IS FOR T H E   S T A N D A R D   S T A T E   F O R M A T I O N  

E N T f l R P I E S r  I .E. t 

S O / R  = A I N N ~ Z I L I K )  
L 8 1 I 5  FOR T H E  LOW T E M P E R A T U R E   R A N G E  
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L = 2 I S  F O R   T H E   H I G H   T E M P E R A T U R E S   R A N G E  
K IS T H E   S P E C I E S   I N D E X  

D I Y E N S I O N   A ( N D I M l r N D I M 2 , * 1   E X A C T L Y   N D I M l   A N D   N D I M 2  
F O K   T H E   F I R S T   A N D   S E C O N D   D I M E N S I O N S   A N D  AT L E A S T  
K K   F O R   T H E   T H I R D .  

C K A W T   C K A W T   C K A W T   C K A W T   C K A W T   C K A W T  
* * * * * * * * * * * * * * * * * * * 9 * 4 * 4 * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K A W T   ( I W O R K t W O R K , A W T l  

T H I S   S U E R O U T I N E   R E T U R Y S   T H E   A T O M I C   W E I G H T S  OF T H E   E L F M E N T S .  

I N P U T  
1WOF.K - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A R R A Y  

D I M E N S I O N  I W D R K ( * )  A T   L E A S T   L E N I W K .  S E E  C K I N I T   F O R  
D E T A 1 I . S   O N   T Y E   P E O U I K E D   L E N G T H   O F   I U O R K .  

WORK - A R R A Y   O F   G E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y  15  
I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N d K .   S E E   C K I N I T  = O R  
D E T L I L S   C N   T H E   R E O U I R E D   L E N G T H   O F   W 0 P . K .  

IS I N I T I A L I Z E D  BY T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  

O b T P U T  
AWT - A q R A Y  OF A T O M I C   W E I G H T S   F O R   T H E  MH E L E M E N T S .  

C G S   U N I T S  - G M / M D L E .  
D I M C - N S I C N  A H T ( * )   A T   L E A S T  MM. 

C K C C C   C K C C C  C K C D C  C K C D C   C K C D C   C K C D C  
0 4 4 ' * * * * * * * * * . * * * * * * * ~ * * * * * * * * * * * * ~ * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * + * *  

S ' J B R O U T I N E   C K C O C  1 T ~ C ~ l W O R K , W O R K . C D O T I D D O T l  

Tils S U B R O U T I N F   R E T U R N S   T H F   M O L A R   C R E A T I O N   A N D   D E S T R U C T I f l N  
R A T E S  OF T l f i   S P E C I E S   G I V E N   T H E   T E M P E R A T U R E   A N D  M O L A R  
C O N C E N T R A T I O N S .   R E F C R E N C E   E C U A T I O N   ( 1 1 . 5 . 1 3 1 .  

I h t P U T  
T - T E M P E R A T J Q E .  

C - M O L A R   C O N C E N T R A T I O f 4 S  OF T H E  Ki( S P E C I E S .  
C G S   U N I T S  - K 

C G S  U N I T S  - Y 9 L E / C M * * 3  
D I M E V S I O N  C(*) A T   L E A S T   K K .  

IWORK - A R R A Y  n F  INTEGER INTERNAL u o P K  S P A C E .  T H E  IWORK A R R A Y  
IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK 

O U T P U T  
C D O T  

D D O T  

D I N E V S I C I N   I W O R K ( * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T   F O K  
D E T A I L S  Cf4 T H E   R E O U I R E D   L E N G T H  OF I W O R K .  - A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

I N I T I A L I Z E D   B Y  THE CALL T O   S U B R O U T I N E   C K I N I T .  
D I M F N S I O N   W r ) P . K : ( * )   A T   L E A S T   C E N W K .   S E E   C K l N l T  FOR 
C E T A I L S  ON T H E   R E O U I Q E D   L E N G T H  DF WORK. 

- A R R A Y  O F  C H E M I C A L   M O L A R   C R E A T I O N   R A T E S   F O R   T H E   K K  
S P E C I E S .  

C G S   U N I T S  - M O L E / ( C H * * 3 * S E C J .  
D I H E N S l O N  C O O T ( * )   A T   L E A S T   K K .  - A R R A Y   O F   C H E M I C A L   M O L A R   D E S T K U C T I O Y   R A T E S  FOR T H E  

K K  S P E C I E S .  
C G S   U N I T S  - M O L E S / I C M * * 3 * S E C ) .  
D I M f N S I O N  O D O T ( * I   A T   L E A S T   K K .  
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C K C D X P   C K C D X P   C K C D X P   C K C D X P   C K C D X P   C . K L D X P  
* * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K C D X P  ( P ~ T . X . I U O R K I W O R K . C D O T . D D O T I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A R   C R E A T I @ N   A N D   D E S T R U C T I O N  

H O L E   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N   1 1 1 . 5 . 1 3 1 .  
R A T E S  OF T H E   S P E C I E S   G I V E N   P R E S S U R E .   T E M P E R A T U R E   A N D  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S  OF T H E   K K   S P E C I E S .  

C G S   U N I T S  - D Y N E S / C M * * 2 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X I * )   A T   L E A S T   K K .  

l W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I Y O R K   A h R A Y  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  c n R  
D E T A I L S   O N   T H E   F E P U I R E O   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  WORKI*l A T   L E A S T   L E N W K .   S E E   C K I N I T  FOSC 
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
CDOT - A R R A Y  OF C H E M I C A L   M O L A R   C R E A T I O N   R A T E S  F O R  T H E   K K  

S P E C I E S .  
C G S   U N I T S  - Y C I L E / ( C M * * 3 * S E C ) .  
D I M E N S I O N  C D O T l * l   A T   L E A S T   K K .  

D D O T  - A R R A Y   O F   C H E M I C A L   M O L A P   D E S T R U C T I O Y   R A T E S   F O R   T H E  
K K  S P E C  I E S .  

C G S  U N I T S  - M O L E S / ( C M * * 3 * S E C  I .  
D I M E N S I O N  D T j O T ( * )   A T   L E A S T   K K .  

C K C D X R   C K C D X R   C K C D X R   C K C D X R   C K C O X R   C K C D X S  
* * o * + * * * * o * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

C U B R O U T I N E   C K C D X R  I R H f l ~ T ~ X ~ I W O R K ~ U O R K ~ C O O T ~ D ~ O T l  

T H I S   S U B R O U T I N E   R E T U R N S  THE M O L A R   C R E A T I O N   A N D   D E S T R U C T I O N  

A N D   M O L E   F R A C T I 3 N S .   R E F E R E N C E   E O U A T I O N   ( 1 1 . 5 . 1 3 1 -  
R A T E S   O F   T H E   S P E C I E S   G I V E N   T H E   M A S S   D E N S I T Y t   T E M P E R A T U R E  

I N P U T  
RHO - M A S S   D E N S I T Y .  

T - T E M P E R A T U 4 E .  

X - M O L E   F K A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C G S  U N I T S  - N O N E .  
D I M E N S I O N  X ( * l   A T   L E A S T   K K .  

I W O F K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K  S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W Q P K l * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H   O F   I H O R K .  

I N I T I A L I L E D   6 Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

IS 1 N I T : A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I Y E   C K I N I T .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R 4 Y  I S  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C X I N I T  FOR 
D E T A I L S   O N   T H E   R E O U I P E 9   L E N G T H   O F   W O R K .  

O U T P U T  
C D O T  - A R R A Y  OF C H E Y I C A L   M O L A R   C 9 E A T I O N   R A T E S  FOR T H E   K K  

S P E C I E S .  
C G S  U N I T S  - M O L E / ( C M * * 3 * S E C I .  
D I M E N S I O N  CDOTl*l A T   L E A S T   K K .  

D D Q T  - A R R A Y  OF C H E M I C A L   M O L A R   D E S T R U C T I O N   R I T E S   F O R   T H E  
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K K   S P E C I E S .  
C G S   U N I T S  - M O L E S / ( C M * * ? * S E C ) .  
D I M F N S I O N  O D O T ( * )   A T   L E A T T   K K .  

C K C D Y P   C K C D Y P   C K C D Y P   C K C D Y P   C K C D Y P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + f t * * * , + * O + t * k + * * + + * C * * ,  

***+********* 
S U B G O U T I N E   C K C D Y P  ( P t T t Y t   I W O R K t W O R K ~ C D O T t D D O T 1  

C K C D Y P  

T H I S  S U B K O U T I N E   R E T U R N S   T H C   M O L A R   C R E A T I O N   A N D   D E S T R U C T I O N  

M A S S   F R A C T I O N S .   R F F E P E N C E   E Q U A T I O N  ( 1  1 . 5 . 1 3 ) .  
P A T E S  O F  T H E   S P E C I E S   G I V E N   M A S S   D E I S I T Y t   T E M P E R A T U R E   A N D  

1 r l  P U T  
P - P R E S S U P E .  

T 
C G S   U N I T 5  - D Y N C S / C M * * 2 .  - T F M P E R A T U R E .  
C C S  U N I T S  - K 

Y - C R R A Y  O E  PASS F R A C T I O N S  O F  T H E   K K   S P E C I E S .  
C G S  U N I T S  - N O N E .  
D I Y E N S I C N   Y ( * )   A T   L E A S T   K K .  

I W O R K  - A K P A Y  OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

WORK 

O U T P U T  
COOT 

D D O i  

C K C D Y R  

~~~ 

I S  1 N I T : A L I Z E D  AY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   I U O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  O f  I W O R K .  

.- >.RRAY OF F F A L   I N T E C N d L  WORK S P A C E .  T H E  WORK A F R A Y  I S  
INITIAL I ~ F C  P Y  T H E  C A L L  Tn SUBROUTINE CKINIT. 

D I M F N S I O N  W O R K . I * )  A T   L E A S T   L E N W K .  S E E   C K I N I T  F O R  
D E T C I L S   O N   T H E   R E O U I R E D   L E N G T H  OF WORK. 

- A R R A Y  OF C P E M I C A L   U O L A P   C R E A T I O N   R A T E S  F O R   T H E   K K  
S P E C I E S .  

C G S   U N I T S  - M @ L E / ( C M * * 3 * S E C ) .  
D I N F N S I O N  C O O T ( * )   A T   L E A S T   K K .  - A R R A Y   O F   C H E M I C A L   M O L A R   D E S T R U C T I O N   R A T E S   F O R   T H F  

K K  S P F C  1 5 s .  
C G S  UNITS - w c L E s / ( r r * * ? * s E c I .  
O I M E N S I O N  D @ i ! T ( * )  A T  L F A S T   K K .  

C K C D Y  P C K C D Y R   C K C D Y R   C K C D Y R   C K C D Y R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * + o * * * * * * * * * * * * * * * * * * * * *  

+**** * * * * * * * *  
S U B R O U T I N E   C K C D Y F c  ( R ~ O ~ T t Y ~ I W O R K t W O G K t i D O T , D D O T )  

T H I S   S U B R O U T I N E   R F T U R N S   T H E   M O L A R   C R E A T J O N  AND D E S T G U C T I O N  

A N D   M A S S   F f ? A C T I I ? I J S .   R E F E P E N C E   E Q U A T I O N   ( 1 1 . 5 . 1 3 )  
R A T E S   O F   T H E   S P E C l E S   G I V E N  T I E  M A S S  D E N S I T Y t   T E M P E R A T U R E  

I N P U T  
R H O  - M A S S  C E N S I T Y .  

T - T E N P E X A T U P E .  
C G S   I J N I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 
Y - A R R A Y  OF M A S S   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  

O I M E P u S I O E i  Y ( * I  A T   L E A S T   K K .  
C G S   U N I T S  - N O N E .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I K O R K   A R R A Y  

D I M E N S I O N   I W O R K I * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  @ f  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I 7 I A L I Z F D   B Y   T l i E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S  ON T H E  FEQ!J IRED L E N G T H  OF WORK. 

IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
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O U T P U T  
C O O T  

OOOT 

C K C   H R G  

- A R R A Y  J F  C H E M I C A L   M O L A R   C R E A T I O N   R A T E S  FQR T H E   K K  
S P E C I E S .  

C G S  UN I T S  - M O L E / (   C M * * 3 * S E C  I .  
O I H E N S I O N  C O O T ( * )   A T   L E A S T   K K .  - A R R A Y  O F  C H E M I C A L   M O L A R   D E S T R U C T I O N   R L T t S  F O R  T H E  

K K   S P E C I E S .  
C G S   U N I T S  - M O L E S / ( C M * * 3 * S E C I .  
O I M E N S I O N  O D C ) T ( * )   A T   L E A S T   K K .  

C K C H R G   C K C H R G   C K C H R G  C K C  HRG C K C H R G  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* t * f * * * * * * * * * * * * * * * * * * t + S  

************* 
S U B R O U T I N E   C K C H R G  ( I W O R K ~ W O R K I K C H A R G I  

T H I S  S U B R O U T I N E   R E T U R N S   T H E   E L E C T R Q N I C   C H A R G E S   O F   T H E  
S P E C I E S .  

I N P U T  
I W O H K  - '  A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

O I M € N S I O N   I W O R K ( * )   4 T   L E A S T   L E N I W K .   S E E   C K I Y I T  F O R  
D E T A I L S   O N   T H E   R E O U I  R E O  L E N G T H  OF I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E K N A L  W O P K   S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O I H E N S I O N   W O R K ( * )   A T   L E A S T   L E ; \ ' W K .   S E E   C K I N I T  F O R  
O E T A J L S   O N   T H E   R E O U I R E O   L E N G T H  OF WCIRK. 

I S  I N I T I k L i i E D   9 Y   T H E   C A L L   T O   S U 8 R O U T : N E   C K I N I T .  

O U T P U T  
K C H A R G  - A R R A Y  O F  THE C H A R G E ;  OF T H E   K K   S P E C I E S .  FOR E X A M P L E  

K C H A R G ( K I = - 2   I N D I C A T E S   T H A T   T H E  K T H   5 P E C I E S   H A S  TWO 
E X C E S S   E L E C T R O N S .  

D I M E N S I O N   K C H A R G ( * I  AT L E A S T   K K .  

C K C C M P   C K C O M P   C K C O Y P   C K C O M P   C K C O M P  
*84**+*tC****f**l**t***~*******E***** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U B R O U T I N E   C K C O M P   ~ L f N I t i r I H l , I H 2 ~ 1 S A M E I  

T H I S   S U B R O U T I N E   C C M P A R E S  T W t i  H O L L E R I T H   S T R I N G S  T O  
O E T E R H I N t   I F   T H E Y   A R E   T H E   S A M E  OR N O T .  

C K C O M P  

I N P U T  
L E N I H  - L E N G H  O F  A R R A Y  OF H O L L E K I T H   C H A R A C T E R S  T O  B E  C O Y P A P . E D  
I H 1  - A R R A Y  O F  A 1  H O L L E R I T H   C H A R C C T F R S  

I H 2  - A A R A Y  O F  A 1   H O L L E R I T H   C H A R C T E R S  
O I M E N S I ' J N  I H 1 ( * )  A T   L E A S T   L E N I H  

D I M E N S I O N  I H Z ( * I  A T   L E A S T   L E N I H  

O U T P U T  
[ S A M E  - F L A G  FOR C O M P A R I S O N  OF TWO H P L L E R I T H   A R P A Y S  

I S A M E . 1  I H 1  I S  I D E N T I C A L   T O  I H 2  
I S A t l E = O  I H 1  I S  N O T   I D E N T I C A L   T O  I H 2  
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C K C   O N T   C K C O N T   C K C O N T   C K C O N T   C K C O N T   C K C O N T  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S I J B R O U T I N E   C K C O N T  ( K p R O P ,   I W O R K p W O R K p C I K l  

T H I S   S U B R O I J T I N E   R E T U R N S   T H E   C O N T R I B U T I O N  OF T H E  I 1  R E A C T I O N S  
T O   T H E   M O L A R   P R O O U C T I C N   R A T E  OF T H E  K T H   S P E C I E S .  

I N P U T  
R O P  - A R R A Y  O F  R A T E  OF P R O G R E S S   V A R I A B L E S  FOR T H E  I 1  

9 E A C T I O N S .  
C G S  U t i I T S  - M O L E S / ( C M * * 3 * S E C l .  
O I ’ i E N S I O N  R U P ( * I   A T   L E A S T  11. 

I W O R K  - A R q A Y  OF I N T E G E R   I N T E R N A L  WORV S P A C E .   T H E   I W O R K   A R R A Y  

O I Y E N S I O N   I W O R K ( * I   A T   L E A S ”   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S  ON T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  W O R K   S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I L E D  fly T H E   C A L L   T O   S U O P . O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FC)R 
O E T A I L S   O N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E 0  B Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
C I K  - A R R A Y  C E  T H E   C O V T R I B U T I O N S   O F   T H E  I 1  R E A C l I O N S   T O  

T H E   H O L A 9   P R O D U C T I O N   R A T E  @F T H E  K T H   S P E C I E S .  
C G S   U N I T S  - M P L E / ( C M * * 3 * S E C )  
O I M E N S I C N  C I K ( * I   A T   L E A S T  11. 

C K C   P B L   C K C P B L   C K C P S L   C K C P R L   C K C P B L   C K C P B L  
..................................... 

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K C P B L   I T ~ X , I W O R K v W O P K p C P B M L I  

T H I S   Z U 3 R O U T I h ‘ E   R E T U R N 5   T P E   V O L A R   W E I G H T E D   M E A N   S P E C I F I C  
H E A T   A T   C O N S T A U T   P R E S S I I R E .   R E F E R E N C E   E O U A T I O N   ( 1 1 . 4 . 2 0 1 .  

I N P U T  
T - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O K K   A R R A Y  

D I M E N S I O N   I W O Q K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S  CN T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E  W 3 R K  h R R A Y   I S  
I N I T I A L   I Z E D   R Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O I H E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C Y I F I I T  F O P  
O E T L I L S   C N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
C P B M L  - M O L A f i   W E I G H T E D   M E A N   S P E C I F I C   H E A T   A T   C O N S T A N T   P R E S S U R E  

I N  Y C L A R   U N I T S .  
C G S   U N I T S  - E R G S / ( H O L E * C ) .  
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C K C P B S   C K C P B S   C K C P B S   C K C P R S   C K C P P S   C K C P B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
....................... 

************* 
S U B R O U T I N E   C K C P B S   ( T , Y , I W O R K , W O R K , C P B M S I  

T H I S   S U B R O U T I N E   R E T U R N S   T Y E   M A S S   W E I G H T E D   M E A N   S P E C I F I C  
H E A T   A T   C O N S T A N T   P R E S S U R E .   R E F E R E N C E   E Q U A T I O N  ( 1 1 - 4 . 2 1 1 .  

I N  P U T  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y  O F  M A S S   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E ,  
D I H E t i S I O N   Y ( * l   A T   L E A S T   K K ,  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W 0 4 K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T  LENIWK. S E E   C K I N I T  FOF. 
D E T A I L S   3 N   T H E   R E O U I R E D   L E N G T H  O K  I H O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  W O R K   S P A C E .   T H E   W O R K   A 9 Q A Y  IS 
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O h K I * l   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O U l R E D   L E N G T H  OF W O R K .  

IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I h I T .  

O U T P U T  
C P B M S  - M A S S   W E I G H T E D   M E A N   S P E C I F I C   H E A T   A T   C O N S T A N T   P R E S S U R E  

I N  M A S S   U N I T S .  
C G S   U N I T S  - E R G S / ( G M * K I .  

C. K C   P M L   C K C   P M L   C K C P M L   C K C P M L  C K C   P M L   C K C P H L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K C P H L   ( T v I W O R K , W O R K , C P H L I  

T H I S   S l J b k O U T   I N E   P E T U R N S  THE S P E C I F I C .   H E A T S   A T   C O N S T A V T  
P R E S S U R E  I N  1 4 0 L A R   U N I T S .   R E F E R E N C E   E Q U A T I O N  ( I  1 . 4 . 1  I .  

I N P U T  
T - T E Y F E R A T l l R E .  

I W O k K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  
C G S   U N I T S  - K 

WORK 

O U T P U T  
C P M L  

C K C   P M S  

IS I N I T I A L I Z E D  P '  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N  1 W r  ? K ( * I   A T   L E A S T   L E N I W K .   S E E   C K l N I T  F O R  
O E T A I L S   C N   T H E   R E Q C I R E O   L E N G T H   O F   I W O R K .  

I N I T I A L I Z F D   B Y   T H E   C A L L   T O   S U f l R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  F O R  
D E T A I L S   C N  i n E  R E O U I R E O   L E N G T H  OF WORK. 

- A R R A Y   O F   R E A L   I N T F f i N A L  WORK S P A C E .   T t i E   W O R K   4 R R A Y  I S  

- ARRP.Y OF S P E C I F I C   H E A T S   A T   C O N S T A N T   P R E S S U R E  I N  M O L A R  
U N : T S  F O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - E R G S / ( M O L E * K I .  
D I H E N S l C N  C P M L ( * I   A T   L E A S T   K K .  

C K C P M S   C K C P M S   C K C P M S   C K C   P M S   C I I C P M S  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U B R O U T I N E   C K C P M S   ( T ~ ! W O R K ~ U O R K ~ C P H S l  

T H I S   S U B R O U T I N E   R E T I ' P N S  T H E   S P E C I F I C   H E A T S  A T   C O N S T A N T  
P R E S S U R E  I N  M 4 S S   U N I T S .  R E F E R E N C E   E Q U A T I O N  ( 1 1 . 4 . 1 3 1 .  

I N P U T  
T - T E M P E R A T U R E .  

CCS U N I T S  - K 
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I W O K K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
O E T A I L S   C N   T H E   R E P U I R E O   L E N G T H  OF I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L   W O R K   S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B P O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H   O F  WORK. 

IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U S R O U T I N E   C K I N I T .  

ou T P U T  
C P M S  - A R ' t L Y  CF S P k C I F I L   H E A T S   A T   C O N S T A N T   P R E S S U R E  I N  M A S S  

U N I T S  FUR THE K K   S P E C I E S .  
C G S   U N I T S  - E R C S / ( G M * K I .  
D I M E N S I Q N  C P M S I * I   A T   L E A S T   K K .  

C K C  P O K   C r ( C P 0 R   C K C P O R   C K C P O R   C K C P O R  C K C   P O R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * *<~*  
S U B R O U T I N E   C K C P O R   ( T I I U O R K I W O R K I C P O R I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   N O N D I N E N S I O N A L   S P E C I F I C  
H E A l S  A T  C O N S T A N T   P R E S S U R E .   P E F E R E N C E   E O U A T I O N  
[ I ! . f + . L l  OR 1 1 1 . 4 . 6 1 .  

I N P U T  
T - T E r l P E R A T U R E .  

I W f ' P K  - A H H A Y  O F  I N l t G E R   I N T E R N A L  WORK S P A C E .   T H E   I H C R K   A R R A Y  
C G S  U N I T S  - K 

IS I f . 1 I T l L L I Z t L ,  b f  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I G ~ :   I W O R K ( * )   A 7   L E A S T   L E N I W K .   S E E   C K I N l T   F O R  
D E T A I L S   O N   T H E   R E O U T R E D   L E N G T H  OF I W O R K .  

I N I T I A L I Z E D  B Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
O I M E N S I O N  W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T  FOR 
D E T A I L S   O N  THE- R E O U I R E D   L E N G T H   O F   W O R K .  

Sr'JF'* -. A R R A Y  i'f K E A L   I N T E R N A L  WORK S P A C E ,   T H E   W O R K   A R R A Y  I S  

O U l P U T  
C P O R  - A R R A Y  OF t I O N U I M E N S 1 O N A L   S P E C I F I C   H E A T S   A T   C O N S T A N T  

P R € S S U R E   F O R   T H E   K K   S P E C I E S .  
C C S  U N I T S  - N O N E .  
UI!-l.(ENSlOlu L P O R ( * I  A 1  L E A S T   K K .  

C K  C T C  C.KCTC C K C T C   C K C T C   C K C T C  
* * * * * f D u + * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * *  
*+** * * * * * * * * *  

S t J 8 R O U T I N E  r.&CTC I1 I C ,  I W O R K ~ W O R K I C D O T I T A U I  

T H I S  S U H R O U I I N E   R E T U R N S   T H E   M U L I I R   C R E A T I O N   R A T E S   A N D  
C H A R A C T E R I S T I C   O E S T R U C I I O N  T I M E S  OF T H E   S P E C I E S   G I V E N  
THE T E H P L R A I U R E   A N D   M O L A R   C O N C E N T R A T   I O N S .   R E F E R E N C E  
E Q U A T I f I t ' i   ( 1 1 . 5 . 1 6 1 .  

C K C T C  

~ ! h ( P U T  
T - ? E H P E G A T U R E .  

C - M O L A R   C O N C F N T A A T I O N S  OF T H E   K K   S P E C I E S .  
C G S  U N I T S  - K 

C G S   U N I T S  - M g L E / C M * * 3  
D I M E N S I O N  C ( * )  A T   L E A S T   K K .  

I H O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H r   I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOC 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N C T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  W O K K   S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A C I Z E D   B Y  THE C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E W S I O N  W O R K ( * )  A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
O E T b  ILS O N   T H E   P E O U I R E D   L E N G T H  OF WOEK. 

I S   I N I T I A L 1   Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

0 
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O U T P U T  
C D O T  - A R R A Y  O F   C H E M I C A L   M O L A R   C R E A T I O N   R A T E S  FOR T H E   K K  

S P E C I E S .  
C G S  U N I T S  - H O L E / l C H * * 3 * S E C ) .  
D I H E N S I O N  C D O T ( * )   A T   L E A S T   K K .  

T A U  - A R R A Y   O F   C H A R A C T E R I S T I C   D E S T R U C T I O N   T I M E S   F O R  THE 
K K   S P E C I E S .  

C G S   U N I T S  - S E C .  
D I M E N S I O N  T A U ( * )   A T   L E A S T   K K .  

C K C  T X  C K C T X   C K C T  X C K C T X   C K C T X   C K C T X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * * * * f * * * * * * * * *  

* *+*** * * * * * * *  
S U B R I ) U T I N E   C K C T X   ( C , I W O R K v W O R K , X I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L E   F R A C T I O N S   G I V E N   T H E  
M O L A R   C O N C E N T R A T I O N S .   R E F E R E N C k   E Q U A T I O F I  ( 1 1 . 3 . 8 ) .  

I N P U T  
C - M O L A R   C O N C E N T R A T I O N S  OF T H E  K K  S P E C I E S .  

C G S  U N I T S  - M O L E / C M * * 3  
D I M E N S I C N  C ( * )   A T   L E A S T   K K .  

I U O R K  - A R R A Y  OF I I I T E G E R   I N T E R N A L  WOPX S P A C E .   T H E  lWClRK ARRA' t  
I S   I N I T I A L I Z E D   B Y  THE C A L L  TO S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   I W O P . K ( * )   A T   L E A S T   L E N I H K .   S E E   C K I N I T  F O R  
D E T A I L S   C N   T H E   R E Q U I h E O   L E N G T H   O F   I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U S R O U T I N E   C K I N i T .  
D I M E N S I O N  W O R K t * )  A T   L E A S T   L E N W K .   T E E   C K I N I T   F I R  
D E T A I L S   C N   T H E   Q . E O U I R € D   L E N G T H   O F  WORK. 

WORK - A R R A Y   O F   R E A L   I Y T E R N A L   U O R K   S P A C E .   T H E   H C R K   A f i R A Y  IS 

O U T P U T  
X - M O L E  F R A C T 1 5 N S   3 F  THE K K   S P E C I E S .  

C C S   U N I T 5  - N O N E .  
D I t 4 E F ; S I D N  X ( * )   A T   L E A S T   K K .  

C K C T X P   C K C T X P   C K C T X P   C K C T X P   C K C T X P   C K C T X P  
* r * S * ~ ~ + * , * * * * * * * * * * * * * * * * * * * * * ~ * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
. * ***********  

S U R R O U T I N E   C K C T X P  : P I : , X , I W O R K , W O R K , C ~ O T , T A U )  

T H I S   S U B R O U T I N E   R E T J P N S   T H E   M O L A R   C R E A T I O N   R A T E S  AN0 
C H A R A C T E R I Z T I C   D E S T R U C T I O Y   T I M E S   O F  THE S P E C I E S   G I V E N  
T H E  " R E S S U R E .  T E M P E R A T U R E   A N D   M O L E   F R A C T J C N S .   R E F E R E N C E  
E O U A T I O N  ( 1 1 . 5 . 1 6 ) .  

I N  P U T  
P - P R E S S U P E .  

T - ' I E M P E R A T I J R E .  

X - M O L E   F R A C T I C N S   O F   T H E   K K   S P E C I E S .  

CCS U N I T S  - D Y N E S / C M + * 2 .  

C G S   U F J I T S  - K 

, C G S   U F I I T S  - N O N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  1WOR.K A R R A Y  

D I M E N S I O N  lWO9KI*) A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOP 
D E T A I L S  nN THE K E Q U I H E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D   B Y  T H E  C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E V S S I O N   W O R K ( * )   A T   L E A S ' , '  C E N W X .  S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF MC)RK.  

I S   I N I T I A L I Z E D  OY T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
C D O T  - A R R A Y   O F   C H E Y I C A L   M O L A R   C R E A T I O N   R A T E S   F O G   T H E   K K  
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S P E C  I E S .  
C C S   U N I T S  - M O L E / ( C M * * 3 * S E C l .  
D I M E N S I O N  C D O T ( * I   A T   L E A S T   K K .  

T A U  - A R R A Y  OF C I I A R A C T E R I S T I C   D E S T R U C T I O N   T I M E S  FOR T H E  
K K   S P E C I E S .  

C G S   U N i T S  - SEC.  
D I N E N S I O N  T A U ( * )   A T   L E A S T   K K .  

98  

C K C T X R   C h C  i X R  C K C T X X   C K C T X R   C K C T X R   C K C T X P  
* O * * * * ~ t * * + * * * * * * * * * * * * * * * * t i * * * * * * * * * *  

r r b L + * * C t * + + * * * * * + * * b * * * *  

************* 
S I J B R O U T I N E   C K C T X R  ( R H O I T I X , I W O R K ~ W O R K , C ~ ~ T ~ T A U )  

T H I S  S U R d O I J T I N E   R E T U P N S  THE M O L A G   C R E A T I O N   R A T E S   A N D  
C H A R A C T E % I S T I C   O € S T R U C T I O N   T I M E S  OF T H E   S P E C I E S   G I V E N  
I t i E  H A S S   D E N S I T Y ,   T E N P E k A T U R E   A N D   M O L E   F R A C T I O N S .   q E F E R E N C E  
E O U A T I O N  ( I 1  . T j . l B I .  

I N  P U T  
RHO - M A S S   D E N S I T Y .  

T - T E Y P E R A T U R E .  

X - H O L E   F R A C I I C L ’ 4 S  OF THE K K   S P E C I E S .  

C G S  U N 1 T S  - G M / O M * + 3 .  

C G S   I J N I T S  - K 

C G S  U N I T S  - NONE. 
I I I M E N S I O N   X ( * )   A T   L E A S T   K K .  

I W O R K  - A K R A Y  O F  I N T E G E R  I N T E R N A L  WORK S P A C E .  THE I W O R K   A Q S A Y  
1 5  I N I T l A L I f i S   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D l Y E t + 5 I ! ? %  I d O d t ’ , l * l  A T  L E A S T   L E N I W K .  S E E  C K I N I T  FOR 
D E T A I L S  O N  T d E  R E Q U I R E D  L E N G T H  OF I U O R K .  

I N I T I A C I L f ?   B Y  T H E  C A L L   T O   S U B R O U T I r 4 E   C K l N I T .  
UORK - 4 R R A Y  CJF 9 E A L  I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

D I N E N S I O E I  W O R K ( * )   A T   L E A S T   L E N U Y .  S E E  C K I N I T  FO?. 
O E T A I L S  ON -THE H E ~ I J I Q E D  L E N G T H  o f  W O R A .  

O t J T P I J T  
COOT - A H H A Y  Ot ’  1 : H E Y I C A L   M O L A R   C R E A T I O N   R A T E S  F O f i  T H E  K K  

S P E C I E S .  
C . G S  I JN1  f S  - M U L E / l C M * * J * S E C l .  
@IHE:lSll!’.I C I J 1 > r ( * l  A I  Lii,l‘jr K K .  

T A U  - A H H A I  Of- ‘ - . ? & & A L l c R i S l I l l  ! ) E L T W U T . T l O N  1 l M E S  FOR THE 
K K  S P E C  I :  5 .  

C G S   U N I l S  - S E C .  
O ! M E N S I O N  T A U ( * )  A T   L E A S T  K Y .  

C K C T Y   C K C   T Y  cuc  r Y  i K C  T Y  C K C T Y   C K C   T Y  
* * * * * * & * * * * * * * * * 4 * * * 4 * * * * 4 * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * I * * * * * *  
* * p * + * * l * * b * *  

S1J f )RU lJT INT   ZKC.TY ( C I  i W O h K r W O k K . Y I  

T H I S  SIJ~AOUIINF RETIJF.NS rt+E M A S S  GRACTIONS G I V E N  THE 
M O L A R   C o N C E N T R A T I n N S .   R E F E R E N C E   E Q U A T I O N  ( 1 1 . 3 . 7 1 .  

I N P U T  
C - M O L A R   C O t K E N T R A T I O N S  OF T H E   K K   S P E C I E S .  

C G S  U N I T S  - M O L E / C M * * 3  
O I M E N S I O F I  C ( * I  A T  L E A S T   K K .  

I W O R K  - A H R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  I W O R Y  4 R R A Y  

D I M E N S I O E I  I W O i l K l * )  A 1   L E A S T   L E N I W K .  S E E  C K I N I T  FOR 
D E T A I L S  et.( T H E   R E P U I R E O   L E N G T H  OF I W O P K .  

I N I T I A L I l E D  B Y   T H E   C A L L   T O   S U @ R O U T I N E   C K I N I T .  

D E T A I L S   O N   T H E   R E P U I R E O   L E N G T H  OF WORK. 

IS I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H C   W O R K   A R R A Y  IS 

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T  F 9 R  



O U T P U T  
Y - A R R A Y   O F   Y A S S   F R A C T I O N S   O F   T H E   K K   S P k C I E S .  

C G S   U N I T S  - N O N E .  
D I M E N S I O N   Y ( * )   A T   L E A S T   K K .  

C K C T Y P   C K C T Y  P C K C T Y  P C K C T Y P  C K C T Y  P C K C T Y P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

************* 
S U B R O U T I N E   C K C T Y P  ( P ~ T ~ Y ~ I W O R K , W O R K ~ C D O T , T A U I  

T H I S   S U B R O U T I N E   R E T U R N S  THE M O L A R   C R E A T I O N   R A T E S   A N D  
C H A R A C T E R I S T I C   D E S T R U C T I O N  T I M E S  O F   T H E   S P E C I E S   G I V E N  

E O U A T I O N  (11.5.161.  
T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .   R E F E R E N C E  

I N P U T  
P - P R E S S U P E .  

C G S   U N I T S  - D Y N E S / C M * * 2 .  
T - T E M P E R A T U 9 E .  

C G S   U N I T S  - K 
Y - A R R A Y   O F   Y A S S   F R A C T I O N S   O F  THE K K   S P E C I E S .  

C G S   U I J I T S  - N O N E .  
D I ‘ 4 E N S I 3 N   Y ( * l   A T   L E A S T   K K .  

I W O k K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I Y E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O P  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T i i  OF I W O R K .  

WORK - A R R A Y   O F   R F A L   I N T E R N A L  WORK S P A C E .   T H E   W 9 R K   A R R A Y  IS 
1 4 1 1   I A L I Z C D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I Y E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   U N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

IS I N I T i A L I Z E D   B Y   T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  

O U T P U T  
C D O T  - A R R A Y   O F   C H E Y I C A L   M O L A R   C R E A T I O N   R A T E S  FOR T H E   K K  

S P E C I E S .  
C G S   U N I T S  - M O L E / ( C M * + 3 * S E C )  
D I Y E N S I C N  C D O T I * )   A T   L E A S T   K K .  

, T A U  - A R R A Y   O F   C H A R A C T E R I S T I C   D E S T R U C T I O N   T I M E S   F O R   T H E  
K K   S P E C I E S .  

C G S  U N I T S  - S E C .  
D I H E N S l ( ? N  T A U ( * )  A T  L i A S T   K K .  

C K C   T Y  R C K C T Y  R C K C T Y R   C K C T Y R   C K C T Y  R C K C T Y R  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * f O * * + * * * * * * * * t * * * * * * * * *  

*+*** * * * * * * * *  
S U B R O U T I N E   C K C T Y R  ( R H U ~ T I Y ~ I H O R K ~ H O R K ~ C ~ O T ~ T A U I  

T H I S   S U B R O U T I N E   R E T U K N S   T H E   M O L A R   C R E A T I O N   R A T E S   A N D  
C ’ i A R A C T E R I S T I C   D E S T R U C T I O N   T I M E S   O F   T H E   S P E C I E S   G I V E N  
T H E   M A S S   D E N S I T Y ,   T E H I ’ E R A T U R E   A N 0   M A S S   F R A C T I O N S .   R E F E R E N C E  
E Q U A T I O N  ( 1 1 . 5 . 1 6 1  

-- 
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I N  P U T  
R H O  - M A S S   D E N S I T Y .  

C G S   U V I T S  - G H / f . M * * 3 .  
T - T E M P E R A T U R E .  

CCS U N I T S  - K 
Y - A R r  AY O F   Y A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
D I M E N 5 I C N   Y ( + l   A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

D I M C N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N l T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

WORK - b R R A Y   O F  ? E A L  I N T E R N A L  W O R K   S P A C E .   T H E  WORK A K R A Y   I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

I S   I Y I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  



D I M E N S I O N   W O q K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T  FOR 
D E T A I L S  ON T H E   R E O U I R E O   L f N G T H  OF WORK. 

O U T P U T  
C O O T  - A R R A Y  O F  C H E M I C A L   M O L A R   C R E A T I O N   R A T E S   F O R   T H E   K K  

S P E C I E S .  
C G S  U N I T S  - M O L E / ( C M * * 3 * S E C I .  
D I M E N S I O N  C O O T ( * )  A T   L E A S T   K K .  

T 4 U  - A R R A Y  O F  C H A R A C T E R I S T I C   D E S T R U C T I O N   T I M E S  F O R  T H E  
K K   S P E C I E S .  

C G S  U U i T S  - S € C .  
D I Y E N S I C N  T A U [ * )   A T   L E A S T   K K .  

T H I S   S U U R O U T I N E   R E T U R N S   T H E   M O L A R   W E I G H T E D   Y E A N   S P E C I F I C  
H E A T   A T   C O N S T A N T   V C I L U M E   I N   M O L A R   U N I T S .   R E F E R E N C E   E Q U A T I O N  
( 1 1 . 4 . 2 5 ) -  

I N P U T  
T - T E M P E R A T U G E .  

C G S   U N I T S  - K 
X - M O L E   F R A C T I O N S  OF T H E   K K   S F E C I E S .  

C G S  U N I T S  - NGNE. 
O I M E N S I O Q  X ( * )  A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF ih ;T tG;Ef t  l S i E R F J A L  WORK S P A C E .   T H E   I W O R K   4 R Q A Y  

D I M E N S I O N   I W O R K I ' )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O R  

WURK - A H R A Y  OF R E 4 L   I N T E R N A L  WORK S P A C E .   T H E  WORK  ARRAY IS 

I S   I N I T I A L I L E O  B Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D E T 4 I L S   C N   T H E   R E O U I R E O   L E N G T H   O F  IwORn. 

I N I T l A L I l E O  B Y   T H E   L A L L  T O  S U S R O U T I N E  i h 1 F ; I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S C E   C K I N I l  F i l i i  
L t T A ! L S  C N  T k i E  C E O U I R E O   L E N G T H  OF WORK. 

ou T P U T  
CVBMI. - M O L A R  w E I G b d r t o  MEA~.I  S P E C I F ~ C  H E A T  A T  C O N S T A N T  VOLUHE 

I N   F O L A h  ' J N i  1 5 .  
C G S  U N I T S  - E A G S / l M 3 L 5 * + K ) .  

C K C V B S   C K C V B S   C K C V B S   C K C V B S   C K C V B S   C K Z V B S  
**+*****+****r4******+*+****************  

* + * + * * * * + * * * * * b * t * * * * * * * *  
*+* * * * *+* * * * *  

S U B R O U T I N E   C K C V B S  ( T I Y I  I W O R K v W O R K r C ' 4 B M S I  

T H I S   S L J S R O U T I N E   R E T U R N S   T H E   M A S S   W E I G H T E D   M E A N   S P E C I F I C   H E A T  
A T   C O N S T A N T   V O L l J M E  I N  ' 4 4 5 5   9 N I T S .   R E F E K E N L E   E O U A T I O N  
( r I . s . z 7 ) ,  

I F.1 P U T  
T - T E M P E R A T U R E .  

C G S   U t l I T S  - K 
Y - A R R A Y  O f  Y A S S   F R A C T I O N S  O f  T H E   K K   S P E C i E S .  

C G S   U N I T S  - N O N E .  
D I M E N S I J N   Y ( * )  P T  C O S T  K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I H O R K   A R R A Y  

L J I M E N S I C N   I W O R K l * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S  @N T H E   R E Q U I R C O   L E N G T H  OF I W O R K .  

%iORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I   L E O   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N ' T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   ? O R  
D E T A I L 5   O N  THE R E O U I R E D   L E N G T H  OF WORK. 

I S   I N I T I A L I   L E D   B Y   T H E  C A L L  T O   S U B R O U T I N E   C K I V I T .  
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O U T P U T  
C V B M S  - M A S S  W E I G H T E D   M E A N   S P E C I F I C   H E A T   A T   C O N S T A N T   V O L U M E  

I N  M A S S  U N I T S .  
C G S   U t 4 I T S  - E R G S / ( G M * K ) .  

C K C   V H L   C K C V M L  C K C V   H L   C K C V P L   C K C V H L   C K C V M L  
* * * f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************t 

S U B R O U T I N E   C K C V M L   ( T v I W O R K . W O R K , C V M L I  

T H I S   S U B R O U T I N E  R E T U R N S   T H E   S P E C I F I C   H E A T S  I N  C O N S T A N T  
V O L U M E  I N  M O L A R  U N I T S .   R E F E R E N C E   E Q U A T I O N   ( 1 1 . 4 . 9 ) .  

I N  P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E  I W O R K  D R R A Y  
C G S   U N I T S  - K 

WORK 

O U T P U T  
C V M L  

C K C V H S  

I S  1 N I T I A L I Z E D   3 Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O k  
D E T A I L S  C;N THE R E Q U I R E D   L E Y G T H  OF I W O G K .  - A R R A Y   O F   A E A L   I N T E P N A L  WORK S P A C E .   T H E   W O R K   A Q R A Y  1 

JQITIALILED BY THE C A L L  T O  SUDROUTINE CKINIT. 
D I Y E N S I @ N  W O R K ( * )  A T   L E A S T   L E N W K .  S E E   C K I N I T  FO'i 
D E T A I L S  @Pi T H E   K E Q U I P E D   L E N G T H  OF W O R K .  

- A R R A Y  OF S P E C I F I C   H E A T S   A T   C O N S T A N T   V O L U M E  IN HCJLAR 
U N I T S  FOR THE K K   S P E C I E S .  

C G S   U N I T S  - E R C S / ( M O L E * K l .  
D I M E N S I O N   C V M L ( * t   A T   L E A S T   K K .  

C k C V M S  

S U B R O U T I N E   C K C V M S   ( T v I W O R K e W G R K v C V M S I  

T H I S   S U B R O U T I N E   R E T l l P N S   T H E   S P E C I F I C   H E A T S   A T   C O N S i A N l  
V O L U H F  I N  M A S S   U N I T S .   R E F E R E N C E   E O U A T I O N  ( I 1.4 .16 ) .  

I N P U T  
T - T E Y P E R A T U R E .  

I W O P Y  - A R R A Y  OF I N T E G E R   I N T C R N A L  W O R K   S P A C E .   T H E   I # O R K   A 9 H 4 Y  
C G S   U N I T S  - K 

I S   I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
olr4ErdsIcbI I W O R K ( * )  A T  L E A S T  LENIWK. S E E  c n l t d l i  F G Y  
D E T A I L S  ON  THE R E O U I R E D   L E Q G T H  r)F 1WC)RK. 

I N I T I A L l l E O  B Y   T H E   C A L L   T O   S U B R J U S I N E   C K I N i T .  
D I H E F i 5 I C ) N   W C J R K I * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L 5  V N  T H E   R E O U I R E D   L E N G T H   3 F  WORK. 

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W 0 9 K   A R R A Y   I S  

O U T P U T  
CVCCS - A R R A Y  O F  S P E C I F I C   H E A T S   A T   C O N S T A N T   V O L V H E   I N   M A S S  

U N I T S  FOR T H E   K K   S P E C I E S .  
C G S   U N I T S  - E Q G S / ( G H * K I .  
D I Y E N S I O N  C V M S ( * )   A T   L E A S T   K K .  
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C K D A M L   C K D A M L   C K D A M L  CKDAM!. C K D A M L  C K D A M L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

***********+* 
S ' J R R O U T I N E   C r ( D A ' 4 L   ( T I   i H 3 R K ~ W O R K ~ D A D T H L l  

T H I S   S U B R C l U T I N E   R E T U R N $  T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E  
H E L M H O L T Z  FRET: E N E R G I E S  I N  M O L A R   U N I T S   W I T H   R E S P E C T   T O  
R E S P E C T  T O  T E h P E R A T U R E .  k C F E R E N C E   E O U A T I O N  ( 1  1 . 9 . 7 1 -  

I N P U T  
T - T E M P E R A l U R Z .  

I Y O R K  - A R R A Y   O F   K N T T C E R   I f i I E R N A L  WORK S P A C E .   T H E   I W r I R K   A R R A Y  

D I M E N S I @ N   I W O P K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I Y I T  F O R  
D E T A I L S   O N   T H E   H E O U I R E C   L E N G T H  OF IWCRK. 

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .  T k I E  W O R K   A R R A Y  I S  
I N I T I A L I L E D  B Y   T H E   C A L L   T O   S U O R O U T I N E   C K I N J T .  

D I M E N S I O N   W O R K ( * \   A T   L E A S T   L E N W K .  S E E  C X I N I T   F O R  
D E T A I L S   O N   T H E   R E I I U I K E D   L E X G T H  OF WORK. 

C G S  i J N i T 5  - ' c  

I S  I N I T I A L I E E C   B Y  -<dC C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
D A D T M L  - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S  O F  T H E   S T A N D A R D   S T A T E  

H E L M H O L T Z   F R E E   E N E R G Y   O F   T t l E  K.: S P 5 C I E S   I N   M O L A R   U N I T S  
W I T H   R E S D E C T   T O   T E M P E R A T U R E .  

C G S   U N I T 5  - E R G S / ( H O L E * K I .  
D I M E N S I O N  D A D T H L ( * t   A T   L E A S T  KI:. 

C K D A M S   C K D A H S   C r ( D A H S   C K D A M S   C K D A M ! ,   C K 3 A H S  
+ * * * * * * + ~ * * * * * * * * + + * * * * * * * * t * t c  

* * * * * o * o * * * * * * * * * * * + * * * * *  

S I ! S P O U T I N E   C K D A N S  ( T I  I W U R K , W J R K , D A J T H S I  
* + * * 8 * * * * * * *  

T H I S  S 9 i ) H O I J T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T t t E  
S T A N D A N D  S i A T E  H E L l i H O L T E   F R E E   E N E R G I E S   I N   M A S S  U Y I T S  W I T H  
K E S P E C T   T O   T E M P E R A 7 U R E .   R E F E R E N C E   E O U A T I O N  ( 1  I . ? .  1 4 1 .  

I N P U T  
T - T E H P E k A T U 7 . E .  

I W O R K  - A R R a Y  O F  I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A R R A Y  

D I Y E N S I P N   I W O f i K ( * I   A T   L E A S T  LENIWI'.. S E E   C K I N I T   F O G  
D E T A I L S  LIN T H E   R E O U I R E O   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF ? E A L   I N T E R N A L  WORK S P A C E .  THE WORK A R R A Y   I S  
I N I T I A L I Z E D  BY T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I C I N   W O R K ( + I   A T   L E A S T   L E N W K .  S E E  C K I N I T  FC)R 
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

C X  U Y I T S  - K 

I S  I Y I T I A L I Z c D  B Y   T H E   C A L L   T O   S U B R O V T I N E   C K I N I T .  

O U T P U T  
D A D T H S  - A R k A Y  O F  P A R T I A L   D E R I V A T I V E S  OF T H E   S T A N D A R D   S T A T E  

H E L M H C I L T Z   F R E E   E N E R G Y   O F   T H E   K K   S P E C I E S  I N  M A S S   U Y I T S  
W I T H   R E S P E C T  T O  T E M P E R A T U R E .  

C G S   U Y I T S  - E R G S / i G t i * K ) .  
D I M E N S I O N  D A D T H S  ( * I  A T   L E A S T   K K .  
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. 

C K D C P L   C K D C P L   C K D C P L   C K D C P L   C K D C P L   C K D C P L  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+***********+ 

S U B R O U T I N E   C K D C P L   ( T ,   I W O R K , W O R K   9 D C P T M L )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L  D E R I V A T I V E S  OF T H E  
S P E C I F I C   H E A T S   A T   C C N S T A N T   P R E S S U R E  I N  H O L A K   U N I T S   W I T i t  
R E S P E C T   T O   T E M P E R A T U R E .   R E F E R E N C E   E Q U A T I O N  ( 1  1.9.1l .  

I N P U T  
T - ' E M P E R A T U R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E  I w 3 a K  A R R b Y  

D I M E F 1 S l O N  I W C J R K ( * )   A T   L F 4 S T   L E N I W K .  S E E  i r l N l T  F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  O F  R E A L  I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  !S 
I N I T I A L I Z E 0  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I 1 .  

D I H E N Z I O N   W O R K ( * I   A T   L E A S T   L E N W K .   S E E   C K I N l T  F J R  
D E T A I L S   C N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

CGS U N I T S  - K 

I S  I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N €   C K I N I T .  

O U T P U 7  
D C P T H L  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S   O F   T H E   S i ' E C I F I C   H E A T S  

A T   C O N S T A N T   P R E S S U R E  OF T H E   K K   S P E C l E S  I N  ' !OLAR 
U V I T S   W I T H   R E S P E C T   T O   T E M P E R A T U R E .  

C G S   U N I T S  - E R G S / ( M O L E * K * * Z I .  
D I M E N S I O N  D C P T H L l * )   A T   L E A S T   K K .  

C K D C P S   C K D C P S   C K D C P S   C K D C P S   C K 3 C P S   C K D C P S  
*****r**************************v**a* 

*4td*E*+***t*+*********** 

*++*++*** * * * *  
S U B R O U T I N E   C K D C P S   ( T , I W ~ R K , W O R K I D C P T N S I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   9 E R I V A T I V E 5  gF T H E  
S P E C I F I C   H E A T S  A T  C O N S T A N T   P Q E S S t J R E  I N  M A S S   U N I T S   W I T H  
Q E S P E C T   T O   T E M P E R A T U R E .   R E F E R E N C E   E O l J A T I f I N  ( 1  I .9.3). 

I N P U T  
T - T E M P E R A T I J 9 E .  

I W D R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  W O R K   S P A C E .  T H E  I W O R K   A 9 R A Y  
C G S  U V I T S  - K 

I S  I N I T I A L I L € D  P Y   T H E   C A L L  T O  S U B P D U T I Y E   C K I ' d I T .  
D I Y E N S l U N   I W O R K ( * )   A T   L E A C T   L E N l W K .  S E C  C K I N I T  F O R  
D E T A I L S   O N   T H E   R E O U I J . E O   L E I ~ C T H  OF I W O K K .  

I V I T I A L I I € D   B Y   T H E   C A L L   T O   S U B R O U T I N E  C K I R I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E " I K .   S E E   C K I N I T  F O *  
D E T A I L S  CN T H E   R E O U I R E D   L C Y G T H  OF W O 2 K .  

WORK - A R R A Y   O F   R E A L   I N T E 5 N A L  WORK S O S C C .  . T Y F  W 3 R K   A R Q A Y  I S  

3 U T P U T  
O C P T Y S  -. A R R A Y  O F  P A H T 1 4 L   D € h I V 4 T I \ 5 S  QF T H E   S P E C I F I C   Y E A T S  

A T   C O N S T A N T   P R E S S U R E   O F   T H E   K K   S P E C I E S   I N  M A S S  U N I T S  
WITH R E S P E C T  r o  T E Y P E R A T U Q E .  

C G S  U N I T S  - E R G S / ( G M * K * * 2 1 .  
D I M E N S I O N  D C P T M S f * )   A T   L E A S T   K K .  
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C K D C P X   C K D C P X   C K D C P X   C K D C P X   C K D C P X   C K . D C P X  
t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * e  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * e * * * * * * * * *  

S U B R O U T I N E   C K D C P X  (P,T,X,IWORK,WORK,DCDPTX) 

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  

T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  III.Q.12). 
C O N C E N T R A T I O N S   W I T H   R E S P E C T   T O   P R E S S U R E   G I V E N   P R E S S U R E ,  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S  OF T t i E   K K   S P E C I E S .  

CGS U N I T S  - D Y N E S / C M * * 2 .  

C G S   U N I T S  - K 

C G S  U N I T S  - N O N E .  
D I M E N S I O N   X ( * I   A T   L E A S T   K K .  

I W D R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  W O R K  S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( + )   A T   L E A S T   L E N I W K .  S E E  C K I N T T  F O R  
D E T A I L S   C N   T H E   R E C U I R E D   L E N G T H   O F   I W O R K .  

I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K l * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H  OF: WORK. 

IS I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E  W O R K  A R R A Y  I S  

O U T P U T  
D C Q P T X  - A R R A Y   O F   P A R T I A L   D t R I V A T I V E S   O F   T H E   M O L A R  

C O N C E N T R A T I O N S  OF T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O  
P R E S S U R E .   T E N P E i 7 A T U R E   A N D   H O L E   F R A C T I O N S   H E L D  
F I X E D .  

C G S   U N I T S  - M O L E / ( C M * D Y N E S I  
D I M E N S I O N  D C O P T X ( * )   A T   L E A S T   K K  

CK D C   P Y   C K D C P Y   C K 3 C P Y   C K O C P Y   C K D C P Y   C K O C P Y  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
*+** * * * * * * * * *  

S U B R O U T I N E   C K D C P Y  ( t ’ r T ~ Y ~ I W O R K . W ~ R K , D C D P T Y J  

T t i I  S S U B R O U T I N E   R E T U R N S  I H E  P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R  

T E M P E R A T U R E  AND M A S S   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O V   ( i 1 . 9 . 1 2 i .  
C O N C E N T R A T I O N S   W l T t l   R E S P E C T   T f l   P R E S S U R E   G I V E N   P R E S S U R E ,  

I N P U T  
P - P R E S S U P E .  

C G S  U N I T S  - D Y N E 5 / C M * * 2 .  
T - T E M P E R A T U R E .  

C C S  U N I T S  - K 
Y - ARP.AY O F   M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - NTJNE. 
D I M E N S I O N   Y l * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W 3 R K   A R R A Y  

D I Y E N S I O N   I W O R K I * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  @F R E A L   I N T F R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y   I S  
I N I T I A L I Z E D  B Y  T H E   C . 4 L L   T O   S U B R O C T I N E   C K I N I T .  

D I ~ ’ 7 N S I C J N   U O R K l * )   A T   L E A S T   L E N W ’ C .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H   O F   W O R K .  

I S  I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T i N E   C K I N I T .  

O U T P U T  
D C O P T Y  - A R R A Y  O F  P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R  

C O N C E N T C h T I f l N S  OF TtiE K K   S P E C I E S   W I T Y   R E S P E C T  T O  
P R E S S U k E .   T E M P E R A T U R E   A N D   M A S S   F R A C T I J N S   H E L D  
F I X E D .  

C G S   U N I T S  - M O L E / ( C M * D Y N E S I  
D I M E N S I O N  D C D P T Y  I * )  A T   L E A S T   K K  
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C K O C R X   C K D C R X   C K D C R X   C K D C R X   C K D C R X  C K O C R  X 
+ * * + * * * * * * * * * * * O * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * *+*  

S U B R O U T I N E   C K D C R X  ( R H O ~ T , X ~ I W O R K , W O R K ~ D C O R T X )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T l V E S  OF T H E   M O L A R  
C O Y C E N T R A T I O N S  WITH R E S P E C T   T O   Y A S S   D E N S I T Y   G I V E N  Y P S S  
D E N S I T Y ,   T E M P E S A T U R E   A N D   M O L E   F R 4 C T I ; ) h l S .   R E F E Q E N C E   E Q U A T I ' I Y  
( 1 1 . 8 . 1 1 1 .  

IN P U T  
RHO - M A S S   D E N S I T Y .  

T - T E M P E R A T U I ? E .  

X - M O L E   F R A C T I C Y S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - G M / C H * * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N  X ( * )  A T   L E A S T   K K .  

I W O R K  - A R R A Y  O F  I V T E C E R   b N T E R N A L   W O R K   S P A C E .   T H E   I H O R K   A P R A Y  
I S   I N I T I A L I Z E D  B Y  THE C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I H E N S I D N   I W O R K ( * I  A: L E A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E Y G T H  OF I W O R K .  

I Y I T I A L I L E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I Y E N S I O N   W O R K ( * )   A 7   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N  THE R E Q U I R E D   L E N G T H   O F  W'IRK. 

WORK - A R R A Y   O F   R E A L   I N T E R N A L  W O R K   S P A C E .   T H E  WORK A R k A Y  IS 

O U T P U T  
C C D R T X  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  

C O N C E N T R A T I O N S  O F  T H E   K K   S P E C I E S   W I T H   R E S P E C T  T O  
M A S S   D E N S I T Y .   T E M P E R A T U R '   A N D   M O L E   F D A C T I O N S   H E L D  
F I  X E D .  

C G S   U N I T S  - M O L E * * Z / ( C M * + 3 * G M I  
D I M E N S I O N  D C D R T X : * I   A T   L E A S T  K K  

C K D C R Y   C K   D C R  Y C K O C R Y   C K D C R Y   C K D C P Y   C K D C K Y  
+ + * t l * + * + . + + + + * * + * * l * * * * * + + * * * * * * * + * +  

++***r*+++++**..*++L***** 
* + + + + * * + * * * * *  

S U B R O U T I N E   C K D C R Y  ( R H O ~ T I Y , I W O P K , W O R K , U C O Q T Y I  

T H I S   S U B R O U T I N E   R E T U R N S   T t - ' E   P A R T I A L   O E R I V A T I V E S   O F   T H E   M O L A R  
C O N C E N T k A T I O N S  W I T H  R E S P E C T   T O   M A S S   D E N S I T Y   G T V E N   M A S S  
D E N S I T Y .   T E H P E R A T U Q E   A N D   M A C S   F R A C T I O N S .   R E F t R E N C E   E Q U A T I O N  
( 1 1 . 8 . 1 5 ) .  

I N P U T  
R H 9  - M A S S   D E N S I T Y .  

C G S   U N I T S  - G Y / C M * * 3 .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y   O F   M A S S   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
D I M E N S I O N   Y ( + l   A T   L E A S ?   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A ' .  WORK S P A C E .   T H E   I W O R K   4 Q R A Y  
IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U t 3 R O U T I N E   C K I N I T .  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .  S C E  C K I N I T  C O P  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H   O F  I W O R K .  

I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * I   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF WORK. 

WORK - A R R A Y   O F   S E A L   I N T E R N A L  WORK S P A C F .  T H E  k ' 0 Q K  A P R A Y  IS 

O U T P U T  
O C D R T Y  - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S   O F   T H E  M O L A R  

C O N C E N T R A T I G N S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  T O  

M A S S   D E N S I T Y .   T E M P E R A T U R E   A N D   M A S S   F S A C T I O N S   H E L D  
F I X E D .  

C G S  U N I T S  - M O L E * * Z / ( C M * * 3 * G H l  
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D I M E N S I O N   D C D R T Y  ( * I  A T   L E A S T   K K  

C K D C T X   C K D C T X   C K D C T X   C K D C T X   C K D C T X   C K D C T X  
* * * ~ # * 4 * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * ~ * * 4 * * * * * * * * * * * * 4 * *  

*****+******* 
S U R R O U T I N E   C K D C T X  ( P . T . ~ ~ I W D R K ~ W @ R K I D C D T P X )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T  I A L  D E P I V A T I V E S   O F   1 ' H E   M O L A R  
C O N C E N T R A T I O N S   W I T H   R E S P E C T   T O   T E M P E R A T U R E   G I V E   T H E   P R E S S U R E 9  
T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  ( 1 1 . 8 . 9 ) .  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   E R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S  U N I T S  - O Y N F S / C M * * Z .  

C G S  U N I T S  - K 

C G S  U N I T S  - N O N E .  
D I t l E N S I O N  X I * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E P   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A S R A Y  

D I M E N S I O N   I W O P K f * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOF' 
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   R E L L   I N T E R N A L   U C R K   S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D E T A I L S   O N   T H E   R E Q I J I R E D   L E N G T H   O F  WORK. 

I S   I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U E R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  

O U T P U T  
D C D T P X  - A l i h k Y   O F   P P R T I A L   D E P I V A T I V E S  OF T H E   M O L A R  

C O N C E N T R A T i G ? ! S  O F  T H E   K X   S P E C I E S   W I T H   R E S P E C T  19 
T E M P E R A T U R E .   P R E S S U R E   A N D   M O L E   F R A C l I C k S   H E L D  
F I X E D .  

C G S  U U I T S  - M O L E / ( C M * * 3 * K I .  
D I M E N S I O N  D C D T P X ( * I  A T  I . E A S T   K K .  

C K D C T Y   C K D C T Y   C K D C T Y   C E D C T Y   C K D C ' T Y   C K O C T Y  * * + + * + ~ * * + + * * * * + * * * * * * ~ * * * * * * * * * * * * * *  
* * . + * * * * O * + * C * . * ~ * * C 4 * + + +  

* *++*+* * * * * * *  
S U B R C I U T I N E   C K D C T Y  ( P , T 9 Y 9 1 W O R K , W O ~ K , D C D T P Y I  

T H I S   S U B R O U T I N E   R E T I I R N S   T H E   P A R T I A L .   D E R I V A T I V E S   O F   T H E   M O L A R  
C D N C E N T R A T I 9 N S  W I T Y  R E S P E C T  T O  T E M P E R A T I I R E   G ! V E N   T H E  
P R E S S U R E ,   T E M P E s A T U H E   A N D   M A S S   F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  
( 1  I . 8 . 7 1 .  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  
C G S  U Y I T S  - K 

Y - A R R A Y  O F  M A S S   F R A C T I O N S  OF T H E   K K   S P E C I E S .  
C G S  U N I T S  - N O N E .  
D I M E N S I O N   Y ( * )   A T   L E A S T   K K .  

C G S  I J N I T S  - D Y N E 5 / C 1 4 * * 2 .  

I W O R K  - A R R A Y  UF I N T E G E R   I N T F R N A L  WORK S P A C E .   T H E   I U O R K   A R R A Y  

D I M E N S I O N   I W O R K f * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O I J I R E D   L E N G T l l   O F   I W O R K .  

' WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E D   B Y   T H E  C A L I .  T O   S U B R O U T I N E   C K I N I T .  

I S  I N I T I A L I Z F D   B Y   T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E F I W K .   S E E   C K I N I T   F O R  
D E T A I L S  CN T H E   R E Q U I R E D   L E N G T H  OF WORK. 

O U T P U T  
D C D T P Y  - A R R A Y  OF P A R T   I 4 L   D E R I V A T I V E S  OF T H E   M O L A R  

C O N C E N T R A T I O N S  OF T H E  K K  S P E C I E S   W I T H   R E S P E C T  T O  
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T E M P E R A T U R E .   P R E S S U R E   A N D   M A S S   F R A C T I O N   H E L D   F I X E D .  
C G S   U N I T S  - M O L E / ( C M * * 3 * K I .  
D I M E N S I O N   D C D T P Y ( * )   A T   L E A S T   K K .  

C K D C V L   C K D C V  L C K D C V L   C K L C V L   C K D C V L   C K O C V L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

************* 
S U B R O U T I N E   C K D C V L   ( T I   I W O R K I U O R K I D C V T Y L )  

T H I  S S U B R C U T I N E   R E T U R N S   T H E   P A R T I A L   D E R 1   V 4 T I V E S   O F   T H E  
S P E C I F Z C   H E A T S   A T   C O N S T A N T   V O L U M E  I N  I \ O L A R   U N I T S   W I T H   R E S P E C T  
TO T E M P E R A T U R E .   R E F E R E N C E   E O U A T   I O N  ( I  I .9.4). 

1 I N P U T  
T - T E M P E R I T U R E .  

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K  4 R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .  S E E  C K I N I T   F G R  
D E T A I L S   O N  THE R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  W@RK S P A C E .  THE WORK A R R A Y  I S  

C G S   U N I T S  - K 

I S   ; N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

INITIALIZED B y  T H E  C A L L  T O  SUBROUTINE CKIRTT.  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N H K .  S E E  C K I N I T  150R 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  O F  WORK. 

O U T P U T  
D C V T M L  - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S   O F   T H E   S P E C I F I C   H E A T S  

A T   C O N S T A N T   V O L U M E  OF T H E   K K   S P E C I E S  I N  M O L A R  
U N I T S   W I T H   R E S P E C T   T O   T E M P E R A T U R E .  

C G S   U N I T S  - E R G S / ( M O L E * K * * 2 ) .  
D I M E k S I O N  D C V T M L ( * )   A T   L E A S T   K K .  

C K D C V S   C K O C V S   C K D C V S   C K D C V S   C K O C V S  S Y O C V S  
* + + * 3 + + n * + + + + * * * * * * * * * + t * * * * * * * * * * * * * * ' k  

U + * * * * * 9 * + * * + * * * * j * * * * * ~ *  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K O C V S   ( T I I W G R K I W O R K I D C V T M S )  

T H I S   S U B R O U T I N E   R E T U R N S  T H E  P A R T I A L   D E R I V A T I V E S   O F   T H E  
S P E C I F I C   H E A T S   A T   C O N S T A N T   V O L I J M E   I N   M A S S   U N I T S   W I T H   R E S P E C T  
T O   T E M P E R A T U R E .   R E F E R E N C E   E Q U A T I O N   ( 1 1 . 9 - 1 1 1 .  

I N  P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I 2 N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOP. 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  O F  I Y O R K .  

WOPK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y   I S  
I N I T I A L I Z E D  R Y  THE C A L L  TO S U B K O U T I N E   C K I N I T .  

D I V E r J S I O N   W O R K I * )  AT L E A S T   L E P I W K .   S E E   C K I N I T  F O R  
O E T A  ILS O N   T H E   R E O U I   R E D   L E N G T H  OF WORK. 

C G S   U N I T S  - K. 

I S   I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O l l T I N E   C K I N I T .  

O U  ;PUT 
D C V T M S  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S  OF T H E   S P E C I F I C  HEkTS 

A T   C O N S T A N T   V O L U M E   O F   T H E   K K   S P E C I E S   I N   M A S S  
U N I T S   W I T H   R E S P E C T  T O  T E M P E R A T U R E .  

C G S  U N I T S  - E R G S / ( G M * K * * ? )  - 
D I M E N S I O N  D C V T M S ( * I   A T   L E A S T   K K .  



C K D C X P   C K D C X P   C K D C X P   C K D C X P   C K D C X P   C K D C X P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

************* 
S U E R O U T I N E   C K D C X P  ( P ~ T , X ~ K D I H . I W O R K . U O R K ~ D C K D X N I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  
C O N C E N T R A T I O N S   W I T H   R E S P E C T   T O   T H E   H O L E   F R A C T I O N S   G I V E N   T H E  
P R E S S U R E .   T E M P E R A T U R E   A N D  HOLE F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  
( I 1  a8.51. 

I N P U T  
P - P R E S S U ! J   E .  

T - T E M P E C A l U q E .  

X - HO1.E F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S  C N I T S  - D Y N E S / C M * * Z .  

cr,s UNITS - K 

C.GS U N I T S  - N O N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  

K D I H  - A C T U A L   F I R S T   G I 1 4 E N S I O N  OF T W G   D I M E N S I O N A L   A R R A Y .  
K D I M   Y U S T  B E  G R E A T E R   T H A N  OR E O U A L  1'0 T H E   T O T A L  
N U M B E R  OF S P E C I E S ,  Kt'.. 

I W O R K  - A ' t R A Y  OF I N T E G E R   I N T E R N A L  WJRK S P A C E .   T H E   I W O R K   4 R R A Y  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I U K .   S E E   C K I N I T  FOR 
D E T A I L S  @N T H E   R E O U I R E D   L E N G T H  OF I W D ' I K .  

WORK * -  A R R A Y   O F   R E A L   I N T E R N A L  W0P.K S P A C E .   T H E  WOhK A R R A Y  1 s  
I N I T I A L I Z E D   B Y  T H E  C A L L  7 0  S U B R O U T I N E   C K I N I T .  

D E T A I L S  CN T H E   R E O U I R E D   L E N G T H  O F  WORK. 

: S  I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O I H E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T  FOR 

O U T P U T  
O C K D X N  - M A T R I X   O F   P A R T I A L   D F R I V A T I V E S   O F   T H E   M O L A R  

C O N C E N T R A T I C N S  O F  T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O   T q E  
H O L E   F F A C T l G N S  OF T H E  kt( S P E C I E S .   P R E S S l J R E   A N D  
T E H P E R A l U R E   H E L D   F I X E D .   0 C K U X N f K . N )  IS T H E   P A R T I 4 L  
D E R I V A T I V E  O F  T H E   M O L A F   C O N C E N T R A T I O N  O F  S V C C I E S  K 
W I l H  R E S P E C T   T O   T i f E   M O L E   F R A C T I O N   O F   S P E C I E S  N. 

C G S   U N I T S  - MOLE/CN**3 .  
D I M E N S I O N   C C K D X N ( K D I M , * )   E X A C T L Y  K O l M  F O R  T t i E  
F I R S T  DIMENSION AND A T  L E A S T   K K  FuR THE  SECOND. 

C K D C X R   C K D C X H   C K O C X H   C K O C X R   C K D C X R  L K D C X R  
******L************h*L+**************** 

* * * * * * * h * * * * * * * * * * * * * * * * *  
************* 

S U B R O U T I N E   C K D C X R  f R t i U , ~ r X ~ ~ ~ D I M , I W O R K ~ W O ~ K , D C K D X N )  

T H I  S S U B R O U T I N E   R E T U R N S   T H E   P A n T I A L   D E R I V A T I V E S  OF T H E   M O L A R  
C O N C E N T R A T I O N S   W I T H   R E S P E C T  TO T H E   M O L E   F R A C T I O N S   G I V E N   T H E  

E Q l J A T l O N  ( 1 1  - 8 . 6 1 .  
M A S 5   D E N S I T Y  t T E M P E h A T U R E   A N D  MO\.F F R A C T I O N S .   R E F E R E N C E  

I N P U T  
RHO - M A S S   D E N S 1   T Y .  

T - T E M P E R A T U R E .  

X - H O L E   F R A C T I C N S  OF T t I E   K K   S P E C I E S .  

C G S  U N I T S  - G M / C t l * * 3 .  

CGS U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N  X ( * )  A T   L E A S T   K K .  

K D i M  - A C T U A L   F I R S T   D I M E l 4 S I O N   O F   T W O   D I M E N S I O N A L   A R R A Y .  
K D I H  M U S T  9C. G R E A T E R   T H A N  OR E Q U A L   T O  THE T O T A L  
N U M B E R   O F   S P E C I E S .   K K .  

I W O R K  - A R R A Y   O F   I N T E Z E 2   I N T E R N A L  WORK S P A C E .  T H E  I W O R K   A R R A Y  

O I H E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T A I L S  O N  T H E   R E O U I R E D   L E N G T H  I>; I H O R K .  

WORK - A R R A Y  OF R E A L   I N T E i l N A L  WORK S P A C E .   T H E   W O Q K   A R R A Y  I S  
I N I T I A L I ' E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

I S   I N I T I A L I Z E D  B Y   T H E   C A L L  50 S U B R O U T I N E   C K I N I T .  



f 

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
D E T A I L S  ON T H E   R E O U I R E D   L E N G T H  OF WOKK. 

O U T  F’\JT 
D L K D X N  - M A T R I X   O F   P A R T I A L   D E R I V A T I V E S  O F  T H E   M O L A R  

C O N C E N T R A T I C N S   O F  T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O   T H E  
M O L E   F R A C T i O N S  O F  T H E  K K  S P E C I E S .   D E N S I T Y   A N D  

D E R I V A T I V E  OF T H E  M O L A R   C O N C E N T R A T I O N   O F   S P E C I E S  K 
T E M P E R A T U R E   H E L D   F I X E D .   O C K D X N ( K p N 1  IS T H E   P A R T I A L  

W I T H   R E S P E C T  T O  T H E   M O L E   F R A C T I O N  UF S P E C I E :  N. 
C G S  U N I T S  - M O L E / C H * * 3 .  

F I R S T   D I M E N S I O N   A N D  AT L E A S T   K K   F O R   T H E   S E C O N D .  
D I M E N S I O N   D C K D X N ( K D I M , * )   E X A C T L Y   K O I M   F O R   T H E  

C K D C Y  P  CK OCY P C K O C Y  P C K O C Y P   C K D C Y  P C Y D C Y  p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 4 * * + * * * 4 * 4 + * + * n * * * * * + * *  

*****+******* 
S U R R D U T I h E   C K D C Y P  ~ P ~ T p Y ~ K D I M ~ I H O R K ~ W O R K ~ O C K D Y N l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   O E 4 I V A T I V E S  OF T H E   M O L A R  
C O N C E N T d A T J O N S   W I T H   R E S P E C T   T O   T H E   M A S S   F R A C T I C N S   G I V E N   T H E  
P R E S S U R E ,   T E M P E R A T U R E   A N 0   q A S S   F R A C T I O N S .   R E F E R E N C E   E O U I T I O N  
( 1 1 . 8 . 3 ) .  

S N P U T  
P - P R t S S U k E .  

T - T E H P E 9 A T U R E .  

Y - A R R A Y  O F  M A S S   F R A C T I O N S   O F   T H E  K K  S P E C I E S .  

D I H E N S I O Y   Y ( * )   A T   L E A S T   K Y .  

C G S   U N I T S  - D Y Y E S / C M * * ? .  

C G S   U N I T S  - Y 

C G S  U N I T S  - N O Y E .  

Y O I M  - A C T U A L   F I R S T   D I M E N S   I O N   O F  TWO D I M E N S I O Y A L   A R R A Y .  
K D I M  M U S T  B E  G R E A T E R   T H A N   O P   E O U A L   T O   T H E   T O T A L  
N U M B E R   O F   S l ’ E C I E S p   K K .  

IWOFtK - A R R A Y   O F   I N T E G E R   I N T E R N A L  W0P.K S P A C E .  THE I W O R K   A R R A Y  
IS I N I T I A L I Z E C   B Y   T H E   C A L L   T O   S U G R O U T I N E   C K I N I T .  

D I H E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O P  
D E T A I L S   O N   T H E   R E O U I R E O   L E N G T H  OF IWOBK.  

I N I T I A L I Z E D  7:‘ T H E  CALI. T O   S U B R O U T I N E   C K I N I T .  
D I V E N S I O N  W r l R K ( + I  A T   L E A S T   L E N W K .  S E E  C K I N I T  F O R  
D E T A I L S  ON T H E   R E Q U I R E 0  LENGTH OF WORK. 

WORK - A R R A Y  CF R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y  I S  

w T w r  
O C K O Y N  - M A T R   1 X  OF P A k T   I A L   D E R I V A T I V E S  O F  T H E   M O L A R  

C O N C E N T R A T I O N S  O F  T H E  K K   S P E C I E S   W I T H  R E S P F C T   T O  
T H E   M A S S   F R A C T I O N S   O F  T H E   K K   S P E C I E S .  P R E S S U R E  

P A R T I A L   D E R I V A T I V E   O F   T H E   M O L L R   C O N C E N T R A T I O N   O F  
S P E C I E S  K W I T H   R E S P E C T  Ti) T H E   M A S S   F R A C T I O N  OF 
S P E C I E S  N. 

A N D   T E M P E R A T U R E   H E L D   F I X E D .   D C K O Y N ( K , N I  IS T H E  

C G S  U N I T S  - M O L E / C M * * 3 .  

F I R S T   D I M E N S I O N  AN0 A T   L E A S T   K K   F O R   T H E   S E C O N D .  
D I V E N S I O N   D C K D Y N ( K D I M Y * I   E X A C T L Y   K O I M  FOR T H E  

. 
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cuocya CK D C Y  R C K D C Y  R C K D C Y R   C K D C Y Q   C K @ C Y  R 
**r******9*.************************* 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * + * * * a * * *  

S U B R O U T I N E   C K D C Y R  1 R H 3 ~ T ~ Y ~ K D I M ~ I W O R K ~ W ~ ~ R K ~ D C K D Y N I  

T H I S   S J B R O U T I N E   R E T U R N S  THE P A R T   I A L   D E R I V A T I V E S   O F   T H E  t43LPR 
C O N C Z N T R A T I O N S   W I T Y   9 E S P E C T   T O   T H E   M A S S   F R A C T I O N S   G I V E N   T H E  
M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .   R E F E R E N C E  
E O U A T I O N  I 1 1 . 8 . 4  I .  

I N P U T  
RHO - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

Y - A R R A Y   O F   M A S S   F R L \ C ’ T I O N S  OF T H E   K K   S P E C I E S .  

0 l d E H S I r ) N  v ( * i  A T   L E A S T   K K .  

C t S  U N I T S  - G M / C Y * * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N C .  

K D I K  - A C T J P L   F I R S T   G I M E N S I O N  OF TWO D I M E N S I O N A L   A R R A Y .  
K D l M  WUST dE G k E n T t ‘ R   T H A N  OG E Q U A L   T O   T H E   T O T A L  
N U M B E R  UF SPEClESt K K .  

I W O K K  - A;IR4Y O F  I h T E G E R   I N T E R N A L  WORK S P A C E .  THE I W O R K  1 \ R G b Y  
IS I N I T I A L I L F D   a Y  T i t €  C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  T W O R i ( ( * I  A T   L E A S T   L E N I W K .   S E E   C K I N I T  F i I F .  
D E T A I L S  JN THF P . E Q U I R E D   L E N G T H  OF I W O P K .  

WORK - A R R A Y   O F  F.EA.1. I l i T E R N A L   h ’ C i i K   S P A C E .   T H F   W 3 E K  A h R I Y  IS 
I N I T I k L l Z E D   B Y  :UE E A L L  I C  S U B P W T I N E   C K I Y i T .  

O 1 ; I E N S I C N  W O R I ( ( + I  A T   L E A S T   L E N W K .   S E E   C l t I N l T  FOR 
0 E T A I I . S  C Y  TtJ: R E C U I R E D   L E N G T H   O F   W O R K .  

Q U T P U T  
OCKDYFJ - M A T P I X  O F  ? A R T i L t .  S E R I V A T I V E S  OF T H E  M O L A R  

C O N L E N T R A T I 3 N S  OF T H E   K K   S P E C I E S  WITH R E S P E C T   T O  
T H E  !4ii5 C R A C T I C N S  OF THE K K   S F ’ E C I E S .   D E E I S I T Y  
A N 0   T E N P E R A T U i i C   H E L O   F I X E D .   D C K D Y N ( K , N )  1 5  T H E  
P A R T ;  A i  0 C R I V A T ;  J E  37 T H E   Y O L A R  C C J : I C i t I : * .  ?.- I O N  f l F  
S P E C I E S  K W I T H  R E S P S C T  T O  T H E   M A S S  FRICTI2Y @r 
S P E C I E S  hi .  

D I M E N S I O N   @ C K D Y N I K D I M I + I   E X A C T L Y   K D l M  F O R  T t 4 E  
C G S   U N I T S  - M O L E / C K * * 3 .  

F f X S T   3 I H E N S I 3 N   A N D   A T   L E A S T   K K  FOR T H E  SECOMD.  

C K D G M C   C K D G M L  C K D G M L   C K D G Y L   C K D G M L   C K D G M L  
* + * * ~ * * 4 0 * ~ * 9 0 C * * * ~ + * * * * ~ * * * * * * * * * * * ~  

* * * * + * + r r ~ + * l t * + t * * + * * * * *  

f * + * * + * + * r * * Y  

S U B R O t J T   I N €   C K D G M L  [ T ,  I WORK  ,WORK I D S D T M L  I 

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   G I B B S  
S T A T E  G l 6 6 S  F R E E   E N E R G I E S   I N   M O L A R   U N I T S   W I T H   R E S P E C T   T O  
T E M P E R A T U R E .   R E F E R E N C E   E O U A T I O N  ( I 1.9.6 b. 

I N P U T  
? - T E M P E R A T I I R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N  I W O R K ( * )  A T   L E A S T   L E N I W K .  SEE C K I N I T  FOR 
D E T A I L S   C N   T H E  R E O U I R E D  L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   R E A L   I Y T E R N A L  WORK S F A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U R R D U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T   F O R  
D E T A I L S  CN T H E  P E O U I R E D   L E N G T H   O F  WORK.  

C G S  L.IVITS - K 

IS I N I T I A L I Z E D  QY T H E  C A I - L   T O   S U a R O U T I N E   C K I N I T .  

O U T P U T  
D G D T H L  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S   O F   T r l E   S T A N D A R D   S T P T E  

G I B B S   F R E E   E N E R G Y  I N  M O L A R   U N I T S   W I T H   R E S P E C T   T O  
T E M P E R A T U R E -  

C G S   U N I T S  - E R G S / ( M O L E * K l .  

.- 

1 l o  



t K O H M L  

S U B R O U T  

T n I  s 

D I M E N S I O N   D G D T M L ( + )   A T   L E A S T   K K .  

C K O G M S   C K D G M S   C K O G H S   C K D G M S   C K D G M S   C K D G H S  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U G R O U T I N E   C K D G M S   ( T t   I Y O R K v W O R K t D G D T M S )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  O F  T H E   S T A N D A R D  

R E F E R E N C E   E O U A T I O N  (11 .9 .13 ) .  
S T A T E   G I B E S   E N E R G I E S   I N  M A S S  U N I T S   W I T H   R E S P E C T  TO T E M P E R A T U R E .  

I N P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D 1 M E h ; S I O N   I I 4 O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S  O N   T H E   k E O U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   G F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

C G S   U N I T S  - K 

IS I N I T I A L I Z E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I Y E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
O E T A I L S  C:4 T H E   R E O U I R E D   L E N G T H   O F  WORK. 

O U T P U T  
D G O T M S  - A R R A Y  O F  P A R T I A L   D E R I V A T I V E S  O F   T H E   S T A N D A R D   S T A T E  

G I B D S   F R E E   E N E R G Y   O F   T H E   K K   S P E C I E ;  I N  M A S S   U N I T S   W I T H  
R E S P E C T   T O   T E M P E R A T U R E .  

C G S  U N I T S  - E R G S / I G M * K ) .  
D I M E N S I O N  O G D T M S ( * I   A T   L E A S T   K K .  

C K D H H L  C K D H M L  C K D H H L   C Y D H M L  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
*+*********.* 

I N E   C K D H M L  ( T t I WORK t WORK t D H D T Y L  I 

S U B F t O U T I N E   R E T U R I ; S   T H E   P A K T I A L   D E R I V A T I V € S  OF T H E  
E N T H A L P I E S  I N  M O L A R   U N I T S   W I T H   R E S P E C T   T O   T E W P E R A T U R E .  
R E F € R E N C E   E O U A T I O N  ( 1 1 . 9 . 2 ) .  

I N P i l T  
T - T E H P E R A T U R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I w O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S  O N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I r 4 E N S I O N   W O R K ( * I   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D F T C   I L S   C N   T H E   F t E O U I R E D   L E N G T H  O F  WORK. 

C G S   U N I T S  - K 

IS I N I T I A L I Z E D  BY T H E   C A L L   T O   S U B 2 O U T I N E   C K I N I T .  

O U T P U T  
D H D T M L  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S  OF T H E   E N T H A L P I E S  

O F   T H E   K K   S P E C I E S  I N  M O L A R   U N I T S   W I T H   R E S P E C T   T O  
T E M P E R A T U R E .  

C C S   U N I T S  - E R G S / ( H O L E * K l .  
D I M E N S I O N  D H D T M L  ( * I  A T   L E A S T   K K .  
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C K D H H S   C K D H M S   C K D H M S   C K D H M S   C K D H M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

************* 
S U B R O U T I N E   C K D H M S   ( T I I W O R K I W O R K I D H D T M S I  

T H I S  S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  
E N T H A L P I E S   I N   Y A S S   U N I T S  WITH R E S P E C T  T O  T E M P E R A T U R E .  
R E F E R E N C E   E O U A T I C N  ( 1 1 . 9 . 9 ) .  

C K D H M S  

I N P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  WORK S P A C E .  THE I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * )   A 1   L E A S f   L C N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   1 H E   R E Q U I R E D   L E N L T I I  OF I L D R K .  

I N I T I A L I Z E D  BY THE C A L L  T O  S U B R O U T I N E  C K I N I T .  
D I M F N S I O N  W O R K ( * )  4 T   L E A S T   L E N W K .   S E E  C Y . I N i T  F O R  
D E T A I L S  O N  THE R t Q U l R E O   L E N G T H  OF WORK. 

C G S   U N I T S  - K 

IS I N I T I A L I Z k D  i3Y T H E   C A L L  T O  S U B R O U T I f i ! E   C K I N I T .  

WORK - A R H A Y  OF k E A L   I N T E R N A L  WORK S P A C E .  T H E  k O R K   P R R A Y  IS 

O U T P U T  
DHO-lMS - A R R A Y  OF P A R T I A L   O E R I V A l I V E S  OF T i J E   E N T H A L P I E S  

Ctf T H E   K K   S P E C I E S  I N  M A S S  U N I T S  WITH R E S P E C T  TO 
T E M P E R A T U R E .  

C G S   U N I T S  - E H G S / ( G M * K ) .  
D I M k N S I U N  OHD!MS(*)  d l '  L E A S i  h K .  

C K D   P D C   C K O P U C  CK UI'UC CK O P D C  r,F.DPOC C K D p D C  
*********9,**.*********************** 

* * * * * * * n * * . * * * * u * * * * * * * * *  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K O P O C  ( R H O I T I C I  I W O R K ~ W O R K I O P O C )  

T H I S  S U B R O U T I N E   f i E T U R N S   T H E   P A R T I A L   D E R I V A T I V E  O F  T H I  
P R E S S U R E   W I T H  9 E S P E C T  T O  T H E   M O L A R   C O N C E N T R A T I O N S  
G I V E N   T H E   M A S S   D E N S I T Y   T E M P E R A T U R E   A N D  MOLAQ C O N C E N T R A T I O N S .  
R E F E R E N C E   E Q U A T I O N  ( 1 1  . 7 . 1 5 1 .  

I N P U T  
GHO - M A S S  O E N S I T Y .  

T - T E M P E R A T U R E .  

c - M O L A R   C O N C E N T R A T I O N S  O F  THC K K   S P E C I E S .  

C G S  UNIT: - G M / C M * * 3 .  

C G S  U N I T S  - !( 

C G S   U N I T S  - M O L C / i Y * * 3  
D I M E N S I O N  C ( * )  A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A R R A Y  
IS I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K i N l T .  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   " f 3 k K ( * l  4 1  L E A S T   L E N W K .   S E E   C K I N I T  FDV 
D E T A I L S   O N   I H E   G E O U I R E D   L E N G T H  OF WOKK. 

WORK - A R P A Y  O F  9 E A l .   I N T E R N A L   h 0 R K  S f ' 4 C E .  T H E  W O R K   A R R A Y  IS 

O U T P U T  
DPDC - A R R A Y  OF P A R T   1 4 L   D E R I V A T I V E S  OF i H E   P R E S S U R E  

H I T H  R E S P E C T  TO T H E   M O L A R   C O Y C E N T R A T I O N S  OF 
T H E   K K   S P E C I E S .  

C G S   U N I T S  - D Y N E S * C M / M O L E .  
D I M E N S I O N  D P D C ( * )   A T   L E A S T   K K .  



C K D P D X   C K D P D X   C K O P O X   C K d P D X   C K D P D X   C K D P Q X  
* * * * * * * * * * * * * a * * * * * * * * * * * * * * * * * * * * * * *  

* + * * C * L * * * * * f r * C + 4 * * * * * * *  

*+*********** 
S U B R O U T I N E   C K D P D X  ( R H O ~ T I X , I W O R K . W ~ R K , D P D X )  

T H I S   S i l B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  

T E M P E R A T U R E   A N D   M C L E   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  I 11.7.141. 
P K E S S U R E   W I T H   R E S P E C T   T O   I Y O L E   F P A C T I O N S   G I V E N   M A S S   D E N S I T Y ,  

I N P I J T  
RHO - M A S S   D E N S I T Y .  

C G S   U N I T S  - G M / C M * * 3 .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
X - H O L E   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
DIMENSION x ( * :  h . r  L E A S T  K K .  

I W O R K  - A S R 3 . Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T U E   I W O R K   A R R A Y  
I S   I N I T I A L I Z E D  BY T h E   C A L L  10 S U B P . G U T I N E   C K I N I T .  

D I M E N S I O N   I W D R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y  T H E   C A L L  T O  S U B R O U T I N E   ' , K I N I T .  

D I Y E N S I O I J  W O R K l * )  A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N  THE R E Q U I R E D   L E N G T H  OF WORK. 

O U T   P U T  
D P D X  - A R R A Y   O F   P A R T I A L   D E K I L A T I V E S  OF T H E   P R E S S U R E  

w r . r H  R E S P E C T  T O  T H E  M O L E  FRACTICNS OF T t I E  K K  
S P E C I E S .  

C C S   U N I T S  - D Y N E S / C M * * 2 .  
D : H E N S I O ' \ I  D P D X l * )   A T   L E A S T   K K .  

C K D P D Y   C K D P D Y   C K D P D Y   C K D P O Y   C K O P D Y   C K t i P D Y  
I**+*+*rb*C+4+***+***************'~*** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
*+***.*+***** 

S U 9 R O I I T I N E   C K 0 1 ' U Y  ~ R H O ~ T ~ Y ~ I H O R K , W O R K , O - D Y 1  

T H I  S S U B R O U T   I N [ !   R E T U R N S   T H E   " A R T I A L   D E R I V A T I V E S  @F P R E S S U R E  

T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N   ( 1 1 . 7 . 1 3 1 .  
H I T H  R E S P E C T   T 3   T H E   M A S S   F R A C T I O N S   G I V E N   T H E   M A S S   D E N S I T Y ,  

I N  P U T  
RHO - M 4 S S  D E N S I T Y .  

C G S   U N I T S  - G M / C M * * 3 .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y  OF M.'SS F R b C T I O N S  OF T H E   K K   S P E C I E S .  

C G S   U N I T S  - FtONE.  
D I M E N S I O N   Y l * 1   A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A P . R A Y  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H   O F   I H O R K .  

I N I T I A L l L E D   B Y   T H E   C A L L   T O   S U a R D U T I N E   C K I N I T .  
D I E C N S I O N   W O R K I * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   f i E P U I R E 0   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N F .   C K I N I T .  

WOilK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .  T t i E  WORK  ARRAY I S  

O U T P U T  
D P O Y  - A R R A Y  O F  P A R T I A L   D E R I V A T I V E S  OF T H E   P R E S S U R E  

WITH R E S P E C T  'ro THE M A S S  FRACTION> OF T H E  K K  
S P E C  I E S .  

C G S   U N I T S  - D Y N E S / C M * * 2 .  
D I M E N S I O N  D P D Y ( * )   A T   L E A S T  K K .  
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C K D   P T C   C K   O P T  C C K D P T C   C K D P T C   C K D P T C   C K D P T C  
**b********C*****t******************* 

* * * * + * * c * * * ~ * * * a * * * * * * * * *  
*********a*** 

S U B R O U T I N E   C K D P T C  ( R H O v T + C +  I W O R K t W O R K g D P D T l  

U I T h   9 E S P E C T   T O   T E M P E R A T U R E   G I V E N  THE M A S S   D E N S I T Y ,   T E H P E R A T U Q C  
T Q I S  S L J B R O U T I N E   R F T U f i F I S  THE P A R T I A L   D E R I V A T ! V E  O F  T H E   P P E S S U R E  

A Y D  M O L h R   C O N C E N T R P T I O N S .   R E F E R E N C E   E O U A T I O N  ( 1 1 . 7 . 1 2 ) .  

I N  P U T  
RHO - M A S S   D E N S I T Y .  

T - T E Y P E R A T U R E .  

C - M O L A R   C O N C E N T R & T I O N S  OF T H E  K K   S P € C l E S .  

C G S  U N I T S  - G M / C M + * ? .  

C G S   U N I T S  - h 

C G S   U N I T 3  - M O L E / C N * * 3  
D I M E N S I O N  C(+l A T   L E A S T   K K .  

I W T " : K  - A R R A Y  O F  I N T E G E R   I N T F R N A L  WORK S P A C E .  THE I W O R K   A P R A Y  

[ ; I H E N S I O N   I H O R K ( + I   A T   L E A S T   L E * . ( I W K .  S E E  C K I I J i ?  F O R  
D E T A I L S   O N  T H E  R E C L J I R E D  L E N G T I - 1  OF I W C R K .  

WORK - A R R A Y  O F  R E A L  I N T E R N A L  WORK S P A C E .   T H E  WORV. A P R A Y  ; j  
I N I T I A L I Z E D  Y Y  THE C A L L  7 0  S C S R O C I ' T I N E   C K I N I T .  

D I M E N S I O N  W O R K ( * I  AT LCclT,T L E F l i J K .   S E E   C K I f ~ . ; I 1  FOR 
U E T A I C S  'IN T H E  I;EOIJlr?ED L E N G T H   O F   * : U K K .  

IS 1 N l T l A L I : E D   B Y  THE C A L L  T O   5 U B l : Z U T I N E   C K I N I T .  

O U T P U T  
9 P D T  - P A R T I A L  D E R I V A T I V t  UF THE P R E S S U R E   W I T H   R E S P E C T  

T O  T E M P E R A T U R E .  
C G S   U N I T S  - D Y N E S / ( C M * * 2 * K l .  

C K D P T X   C K U P T X   S K D P T X   C K O P T X   C . K D i ' T X   C K D P T X  
t ~ t * C Y C f * * + * 9 + * * * h * * * * * * * * * * * * * * * * * * *  

C * + . C L * * f ~ t + * ~ * * * * * * * * * 4 +  

b + + * 4 P h * + + * * *  

S U H R 2 I J T I N E   C K I ) P T k  I R t l ( 1 , l  , X , I W O K Y I W O R K , D P D T I  

I N P U T  
RHO - M A S S   D E N S 1  T Y .  

I - T E M P E R A T U R E .  

X .- HOLE F R A C T I C N S  O F  1 H E  K K   5 P E C I E S .  

C G S   U N I T S  - G M / C M + + 3 .  

C G S   U h ( I 1 S  - K 

C G S  U N I T S  - & O N € .  
D I M E N S I O N  X ( * )  A T   L E A S T   K K .  

IWORK - A R R A Y  O F  INTEGER I N T E R N A L  WORK S P A C E .  T H E  IWORK A R R A Y  
IS I N I T I A L I Z E D  BY THE C A L L  T O  S U B R O U T I N E   C K I N I T .  

D!!4EI: ! ; lON I W L ) H K i * )  A r  L E A S ?   L E N I W K .  S E E  C K I N I T   F O R  
D E T A I L S   O N  T H E  R E Q U I R E D  L t N G T t i  [ I f  I 9 U R K .  

I N I T I A L I Z E D  BY T H E   C A L L  T U  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N  W O R K ( * )  A T   L E A S 1   L E N W K .  S E E  C K I N I T  FUR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

W J R K  - A R R A Y  O F  R E 4 . L  I N T E R N A L   h O R K   S P A C E .  T H E  WORK A R R A Y  It. 

O U T P U T  
D P D T  - P A R T I A I .   U F R I V A T I V E   O F   T H E   P R E S S U K E  WITH R E S P E C T  

T O   T E I l D l i R A   T U R E .  
C G 5  I .JN175 - D Y N E S / ( C H * * Z * K I .  
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1 

C K D   P T Y   C K D P T Y   C K D P T Y   C K D P T Y   C K D P T Y   C K D F .  I Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

***********a* 

S U B R O U T I N E   C K D P T Y  ( R H O , T I Y , I W O R K , W O R K I D P D T )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E  9F T H E   P R E S S U Q E  

A N 0   M A S S   F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  (11.7.10)  
W I T H   R E S P E C T   T O   T E M P E R A T U R E   G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E  

I N P U T  
RHO - H A S S   D E P ! S I T Y .  

T - 1 E M P E R A T U R E .  

Y - A R K C Y  OF M A S S   F R A C T I O N S  OF T H E   K K   S P E C I E S .  

. 3 I M E N S I O N   Y ( * )   A T   L E A S T   K K .  

C G S   U N I T S  - G M / C M * * 3 .  

C G S  U N I T S  - K 

C G S  u u I T s  - NONE. 

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  
IS I N I T   I A L I Z F D  B Y   T H E   C A L L   T O   S U E R O U T I N E   C K I N I T .  

D I Y E N S l O N   I W O R K I * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  C O R  
D E T A I L S   O N   T H E   H E O U I R C D   L E N G T H   O F   I d O R K .  

WORK - A R R A Y   L l F   R E A L   I N T E K N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T 1 4 L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

3 I N E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F 0 3  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H   O F  WORK. 

OUTPI ' :  
DPt iT  - P A R T I A L   D E R I V A T I V E  c7F T H E   P R E S S c ; n t '  W I T H  R E S P E C T  

T O   T E W P E R 4 T U R E .  
C G S   U N I T S  - 2 ' ; ; v E S / ( C P * * Z * K ) .  

I- KL)P';C CK G R  D L  CK O R  DC  CK OR GC C K G R D C  C K D R D C  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* ****+*******  

S U B R ( ? U T I N E   C K D R D C   ( P t T , C ,   I W O R K I W O R K I D R H O D C )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   M A S S  
O E N S I T Y   W I T H   R E S P F C T   T O   T H E   M O L A R   C O N C E N T R A T I O N S   G I V E N   T H E  

E Q U A T I O N   ( 1 1 . 7 . 9 1 ?  
P R E S S U R E *   T E M P E R A T U R E   A N D   M O L A R   C O N C E N T R A T I O N S .   R E F E R E N C E  

? N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

C - M O L A R   C O N C E N T R A T I O N S   O F   T H E   K K   S P E C I E S .  

C G S  U N I T S  - D Y N E S / C M * * Z .  

C C S  U N I T S  - K 

C G S   U N I T S  - M O L E / C M * * 3  
D I M E N S I O N  C ( * )  A T   L E A S T   K K .  

I l i D f i K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R L Y  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  O F  I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R Q A Y  I S  
I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  F O R  
D E T A I L S   O N  T H E  R E Q U I R E D   L E N G T H   O F   W O R K .  

I S   I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
D R H O D C  - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S  OF T H E   M A S S   D E N S I T Y  

W I T H   R E S P E C T   T O   T H E   M O L A R   C O N C E N T R A T I O N S  3F T H E  
K K   S P E C I E S .  

C G S   U N I T S  - G M / H O L E .  
D I M E N S I O N   O R H O D C ( * )   A T   L E A S T   K K .  
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C K C R D X   C K D R D X   C K D R D X   C K D R D X   C K D R D X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

***********+* 
S U B R O U T I N E   C K D P O X  ( P I T , X , I W O R K , W O R K , D R H O D X I  

C K D R D X  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M A S S  

T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  (11.7.81.  
D E N S I T Y   W I T H   R E S P E C T   T O   T H E   M O L E   F R A C T I O N S   G I V E N   T H E   P R E S S U R E t  

I N P U T  
? - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F K A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - @ Y N E S / C M * * Z .  

C G S   U N I T S  - K 

C G S   U N I T S  - N 7 N F .  
D I M E N S I O N  X ( * )   A T   L E A S T   K K .  

I H I I R K  - A R R A Y   O F   I N T E G E R   I N T F R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  
I S  I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O I H E N S l O N  ? W O R K ( * )  A T   L E A S 7   L E N I W K .   S E E   C K I P J I T  F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
INITIALIZED B Y  THE C A L L  ro SUHROUTINE CKINIT. 

D I M E N S I O N   W O R K ( * )   A T   L E A S T  LEhWV;. S E E   C K I N I T  F O 9  
D E T A I L S  O i l  T H E  R E O 3 I P , E D  L E N G T H  OF WORY.  

O U T P U T  
D R H G D X  - A R R A Y  O F  P A R T I A L   D E R i V A T I V E S   O F   T H E   M A S S   D E N S I T Y  

WITH R E S P E C T  T O  T H E  M O L E  FRACTICNS O F  ' r H E  K K  
S P E C  I E S .  

C G S   U N I T S  - G V / C M * * 3 .  
DI MFNSION D a t i c m x  ( * I  A T  L E A S T  KK.  

C K D R D Y   C K D R D Y   C K D R   D Y   C . K D R D Y   C K D F U Y  C K O R D Y  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * e * * * *  

S U B R O U T I N E   C K D R D Y  ( P l T l Y , I W O R K , W O R K , D R n O O Y )  

T H I S   S U B R O U T I N E   R E T U R N S  T H E   P A L T I A I .   D F P I V A T T V E S  Or T H E   M A S S  
D E N S I T Y   W I T H   R E S P E C T   T O  M A S S   F R A C T I O N S   G I V E N   P R E S S U R E ,  
T E H P L Q b 7 U R E   A N D  ' 445s  F R A C T I O N S .   R E F E R E N C E   E O l J A T   I O N   ( 1 1 . 7 .  ' 1 .  

I N P U T  
P - P R E S S U R E .  

C G S  U N I T S  - D Y N E S / C M * * Z .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y  O F  M A S S   F R A C T I O N S  OF T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
D I M E N S I O N   Y ( * l   A T   L E A S T   K K .  

I W D R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   W 0 4 K   S P A C E .   T H E   I W O R K   A E R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A : L S   C N   T H E   R E O U I R E O   L E N G T H   O F   I W O R K .  

WORK - A K F b 4 Y  OF O E A L  I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y  IS 
I N I T I A L I Z E @  B Y   T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
G E T A   I L S   C N   T H E   R E O V I R E D   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
D R H O D Y  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S  GF T H E   M A S S   D E N S I T Y  

WITH R E S P E C T   T O   T H E   M A S S   F R A C T I O N S   O F   T H E   K K  
S P E C  I E S  . 

C G S  U N I T S  - G M / C H * * 3 .  
D I M E N S I O N   D R H O D Y  ( * I  A T   L E A S T   K K .  



c 

C K D A T C   C K D R T C   C K D R T C   C K D R T C   C K D K T C   C Y O R T C  
* * *9** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
I************ 

S U B R O U T I N E   C K O R T C  ( P , T , C , I W O R K T W O R K T D R H O D T )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E  O F  T H E   M A S S  

T C M P E R A T U R E   A N D   M O L A R   C O N C E N T R A T  I O Y .  R E F E R E N C E   E O U A T I O N  
( 1 1 . 7 . 6 1 .  

O C N S I T Y   W I T H   R E S P E C T   T O   T E M P E R A T U R E   G I V E N   P R E S S U R E ,  

I N  I ’ U T  
P - P R E S S U R E .  

C G S   U N I T S  - D Y N E S / C N + * Z .  
* - T E M P E R A T U R E .  

C G S  U N I T S  - K 

C G S   U N I T S  - H O L E / C M * * 3  
D I M E N S I O N   C ( * )   A T   L E A S T   K K .  

i -. M O L A R   C O N C E N T R A T I O N S   O F   T H E   K K   S P E C I E S .  

I W O R K  - A H R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

O I V E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O P  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W C R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y   I S  
I N I T I A L I Z E D   B Y   T H E   C A L L .   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   H O R K ( * l   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF W O R K .  

I S   I N I T I A L 1  Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
D K I i O D T  - P A R T I A L   D E R I V A T I V E   O F   T H E   M A S S   D E N S I T Y   W I T H   R E S P E C T  

T O  T E M P E R A T U R E .  
C G S  U N I T S  - G M / ( C M * * 3 * K l .  

C K D R T X   C K D R T X   C K O R T X   C K D R T X   C K O R T X  
C***************b******************** 

**********ro+************ 

* * * * * * * * * * * * *  
SUP.RDUTINE C K O R T X  I P ~ T , X , I W O R K , W O R K . D I ~ ~ ~ O ~ T I  

C K D R 1  A 

THIS S U B R O U T I N E   R E T U R N S   T I i f   P A R T I A L   O E R I V A T I V E  OF T H E   M A S S  

T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .   4 E F E R E N C E   E O U A T I O N  
( 1 1 . 7 . 5 )  

D E N S I T Y   W I T H   R E S P E C T   T O   T E M P E R A T U R E   G I V E N   P R E S S U R E T  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  
C G S   U N I T S  - D Y N E S / C H * * Z .  

C G S   U N I l S  - K 

C G S   U N I T S  - N f l N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  

X - M O L E  FRACTIONS OF THE K K  SPECIES. 

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O I I   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R F O U I R E D   L F N G T H  O F  I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y   I S  
I N I T I A L I Z € D   B Y  THE C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E Y G T H   O F  WORK. 

IS I N I T I A L I L E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
D R H O D T  - P A R T I A L   D E R I V A T I V E   C F   T H E   M A S S   D E N S I T Y   W I T H   R E S P E C T  

TO T E M P E R A T U R E .  
C G S   U N I T S  - G Y / I C M * * 3 * K ) .  
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C K D R T Y   C K D R T Y   C K O R T Y   C K O R T Y   C V , ? R T Y  SKDRTY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
*****+******* 

S U B R O U T I N E   C K O R T Y   l P r T , Y r   I W O R K ~ V O R K ~ D P t i O O T I  

T H I S   S U B R D U T   I N €   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E   O F   T H E   M A S S  
D E N S I T Y   W I T H   R E S P E C T  T O  T E M P E R A T U R E   G I V E N   T H E   P R E S S U R E o  
T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N   ( 1 1 . 7 . 4 1  

I N P U T  
P - P R E S S U R E .  

C G S  U N I T S  - D Y N E S / C M * * 2 .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y  O f  M A S S   F R A C T I O N S  OF T t i t   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
C I M E N S I O N   Y I * t  AT L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .  THE I W O R K   A R Q A Y  
I S   I N l T l A L I L E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I C I N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I P J I T  FOR 
D E T A I L S  ON T H E   R E P U l  RED L E N G T H   O F   I W O R K .  

WORK - A R R A Y  O F  9 E A L   I N T E G N A L  WORK S P A C E .  .THE WOi lK A P R A Y  IS 
I N l T I A L i : Z 3  B l  T H E   C A L L  T O  S U B R O l J T I N E   C K I N I T .  

D S ' I E N S I O N  WORI ; I * !  A T   L E A S T   L E N W K .   S E E   C K I N I T  f J R  
D E T A I L S   O N   T H E   R E Q U I R E 0   L € N G T H  OF WORK. 

O U T P U T  
D R H O O T  - P A R T I A L   D E R I V A T I V E  O f  i H E  M A S S  D E N S I T Y   W l T I I   R E S P E C T  

T O  T E M P E R A T U R E .  
C G S  U N I T S  - G h / l C M * * 3 * K ) .  

C K D S H L   C K O S M L   C K O S M L   C K D S M L  C K O  SML 
* * * * + t * * * * + * * * + r * r * + ~ * * * * * * * * * * * ~ * ~ * *  

+ * + + s * + r r 4 * * Q r * + 4 + * 9 * * * * *  
* * * * + 0 * * * * * ~ *  

S U B R O U T I N E   C K O S M L  I T , I W O K K ~ W U S K ~ O S D T Y L I  

T H I S   S U B R O U T I N E   R E T U R N S  THE P A R T I A L   D E R I V A T I V E S  O F  T H E  
S T A N D A R D   S T A T E   E N T R U P I E S  i N  H I J L A R   U N I T S   W I T H   R E S P E C T  T O  
T E M P E R A T U R E .   R E F E R E N * . F   f Q U A T I ; ) I I  ( 1  1 . 9 . 3 1 .  

C K 9 S M L  

I N P U T  
T - T E H P E R A T U R E .  

C G S  U N I T S  - K 
IWORK - A R R A Y  OF INTEGER INTERNAL KORK S P A C E .  THE I W ~ K  ~ P S A Y  

D I M E N S l O N  I W D R K ~ * )  A i  L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   G N  1 H E  R € O U I R E U   L E N G T H  OF I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L  10 S U B R O U T I N E   C Y I N I T .  
D I M E N S I C ! N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T   F O ?  
D E T A I L S   C N   T H E  R E O l J l H E O  L E N G T H  O F  WORK. 

IS I N I l I A L I L E D  bY T H E   C A L L   T O   S U B R O U T I N E   C K I N I ' I .  

WORK - A R G A Y  OF R E A L   I N T E R N A L  WORK S P A C € .   T H E  WORK A R R A Y  15  

O U T P U T  
O S D T M L  - A R R A Y   O F   P A f ! T I A L   D E R I V A T l V t S  OF T H E   S T A ! . I O A R D   S T A T E  

E N T R O P I E S  O F  T H E  KK S P E C I E S  I N  M O L A R   U N I T S   W I T H  
R E S P E C T   T O   T E M P E R A T U R E .  

C G S   U N I T S  - E R G S / l Y O L E * K * * 2 1 .  
D I M E N S I O N  O S D T H L ( ~ )  A T   L E A S T   K K .  
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C K D   S M S   C K D S M S   C K D S M S   C K D S Y S   C K D S M S   C Y D S M S  
***********+**t**+******************* 

++****+*** * * * * * * * * * * * * * * *  
+************ 

S U S R O U T I N E   C K D S M S   ( T . I W O R K I W O R K I D S D T M S l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E K I V A T I V E S  O F  T H E  
S T A N D A R D   S T A T E   E N T R D P l E S  I N  M A S S   U N I T S   W I T H   R E S P E C T   T O  
T E M P E R A T U R E .   R E F E R E N C E   E O U A T I O N   ( 1 1 . 9 . 1 0 1 .  

I N P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK. S P A C E .   T H E  TWORK A S P A Y  

D I M E N S I @ N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E  C K I N I T  FUR 
D E T A I L S   O N   T H C   R C - J U I R E D   L E N G T H   O F   I U O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P E . C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S F E  C K I M I T   F O R  
O F T A I L S  C N  T H E  R E O U I R E D  L E N G T H  OF WORK. 

C G S  U N I T S  - K 

I S  I N I T l A L l Z E D  B Y   T H E   C A L L   T O   S U R R O l l T I h l E   C K I N I T .  

O U T P U T  
D S D T M S  - A R R A Y   O F   P A R T 1  AL D E P I V A T I V E S   O F   T H E   S T A N D A R D   S T A T E  

E N T R O P I E S  O F  T H E   K K   S P E C I E S  I N  M A S S   U N I T S  W I T H  R E S P E C T  
T O   T E Y P E R A T U R E .  

C G S   U N I T S  - E R G S / ( G M * K * * 2 1 .  
D I M E N S I O N  D S D T M S I * )   A T   L E P . S T   K K .  

C K D T C   C K D T C   C K D T C   C K D T C  C K D T C   C K D T C  
* * * * * * * * * * * * * * * * * * * * * * ? . 4 * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
******tn***** 

S U B R O U T I N E   C K O T C   I T . C , I W O R K , H O R K , O W O i r )  

l H ! S  S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A ' I I V E S  O F  T H E  M O C E R  
P R O D U C T I O N   R A T E S  OF T H E   S P E C i E S  MI JH R E S P E C T  T O   T E Y P E R A T U P E  
G I V € N   T H E   T E M P E R A T U R E   A N D   V O L A R   C O N C E I J T R A T I O N S .   R E F E R E N C E  
E Q l J A T I O N  (I1.10.1I. 

I N P U T  
r - T E M P E R A T U R E .  

C - M O L A R   C O N C E N T R A T I O N S  O F  T H E  KY, S P E C I E S .  
C G S  U N I l S  - K 

C G S  U N I T S  - * ( O L E / C M * * 3  
D I M E N S I O N  C ( * l  A T   L E A S T   K K .  

I U O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  I I l O R K  A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T A I L S   O N   T F E   R E Q U I R E D   L E N G T H   O F   I W O P K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O l Y E N S l O N   W O R K ( * )   A T   L E A S T   L E N H K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T t ? E   R E P U I R E O   L E N G T H   O F  WOkn. 

I: I N I T I A L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
D W D T C  - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S   O F   T H E   M J L A R   P R O D U C T I O N  

R A T E S  O F  T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O   T E M P E R A T U R E .  
M O L A R   C O N C E N T R A T I O N S   H E L D  F I X E D .  

C G S  U N I T S  - M O L E / ( C M * * 3 * S E C * K I .  
D I M E N S I O N  D W D T C ( * I   A T   L E A S T   K K .  
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C K D T X P   C K D T X  P C K D T X P   C K D T X P   C K D T X P   C K D T X P  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

***********+**+******O*+f 
************+ 

S U B R O U T I N E   C K D T X P   ( P v T v X q   I W O R K q W O R K , D W D T P X l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T l V E S  OF T H E   M O L A R  
P R O D U C T I O N   R A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T  T3 T E M P E R A T U R E  
G I V E N  THE P R E S S U R E   A N D   M O L E   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  
~11.10.11. 

I N  P U T  
P - P u E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F h A i T I C N S  O F  T H E   6 K   S P E C I E S .  

C G S  U N I T S  - D Y N E S / C M * * 2 .  

C G S   U N I T S  - K 

C G S   U q I 7 S  - N O N E .  
D I M E N S I O N  X ( + )  A T  L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N l E K N A L  W O R K   S P A C E .   T H E   I W O R K   A R 9 A Y  

D I M E N S I O N   I W f l R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E I I   L E N G T H  OF I W O R K .  

S O R K  - A R R A Y  O f  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y   1 5  

I S  I N I T I A L I Z E D  6Y THE C A L L  T O  S U B R O U T I N E   C K I N I T .  

I N I T l A L I L E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )  A T  L E A S T   L E N W K .  S E E   C K I N I T  f U 2  
D E T A I L S   C N   T H E   R E O U I R E C I   L E N G T H  OF WORK. 

W J T P l l T  
D W D T P X  - A R R A Y  O F  O A R T I A L   U E R ! V A T I V E S   O F   T H E   M D L A R  

P R O D U C T I O N  ~ A I E S  LIF r H E  K K  SPECIES WITH R E S P E C T  
113 T E H P E R k T d h i .  i d i S S U R E   A N D   H O L E   F F . A C T 1 O N S  ! i E L D  
F I X E D .  

iGS W l  I S  - M U L E / (  iM**3*SEi*Kt. 
D I M E N S I O N  O r r b r P X ( * i  AT L E A S T  KU. 

C Y D T X R   c K o r x a  C K O  r X R  C K O T X R  C K D T k l  
* * + r * * + * * * r r L r * * * * * * * * * * * . ? ~ * * * * * * * ~ * * *  

a * * * * + * + * * 4 * * * * * * * * * * * * * *  

* * * * * * * * * * * * *  
S U R R O l l T I N E   C K D T X K  l R t ~ i ) r ' ~ t ~ q l I k ' i l K K t r i l ) i i K ~ C ) i l D T k X l  

C K O T X R  

I N P U T  
R H O  - M A S S   O E N S I T Y .  

T - T E M P E R A T U R E .  

X - M O L E   C R A C T I O N S  OF T l i E  K K  S P E C I E S .  

C G S  U N I T S  - G M / C M + * 3 .  

CGS U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E K N A L  WrJKK S P A C E .  T H E  I W O K K   A R R A Y  
I S   I N I T I A L I Z E D  BY ':HE C A L L  TO S U B R O U T I N E   C K i N I T .  

D I M E N S I O N  I W C R K : * )  A l   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N  THE R E - O U I R E D   L E N G T H  O F  I W O R K .  

I N I T I A L I Z E D  BY THE C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E  R E Q U I F . E D  L E N G T H  Of' WORK. 

WORK - A R R A Y   O F   R E A L   I b i T E R N A i  HCRK S P b C E .   T H E   W O R K   A k Q P . y  I S  

O U T P U T  
D W D T R X  -. A R R A Y  OF P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R   P R O D U C T I O N  

R A T E S  OF T H E   K K   S P E C I E S   W I T H   R E S P E C T   O T   T E M P E R A T U R E .  
D E N S I T Y   A N D   M O L E   F R A C T I 3 N   H E L D   F I X E D .  

C G S   U N I T S  - M O L E / ( C H * * 3 * S E C * K l .  
D I M E N S I O N   D W D T R X  ( * I  A T   L E A S T  K K .  

, 
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C K D T Y P   C K D T Y  P C K D T Y P   C K D T Y P   C K D T Y  P C K D T Y P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*********************10**** 

************* 
S U B R O U T I N E   C K O T Y P  ( P , T , Y e I H O R K e W O R K e D W D T P Y l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A E  
P R O D U C T I O N   R A T E S   O F   T H E   S P E C I E S   W I T H   R E S P E C T  T O  T E M P E R A T U R E  

R E F E R E N C E   E O U A T I C l N   ( I i . l O . 1 ; .  
G I V E N   T H E   P R E S S U R E ,   T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .  

c 

I N P U T  
P - P R E S S U R  E .  

C G S  U N I T S  - D Y Y E S / C M * * 2 .  
T - T E M P E R A T U R E .  

C G S  I J N I T S  - K 
Y - A R R A Y   O F   M A S S   F R A C T I O N S  OF T H E   K K   S P E C I E S .  

C G S  U N I T S  - N O N E .  
D I M E N S I O N   Y ( * l   A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W C I R K   A R R A Y  

D I M E N S I O N   I W O K K l + l   A I   L E A S T   L E N I W K .   S E E   C K I N I T   F O G  
D E T A I L S   C N   T H E   R E G U I R F D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

I S  I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

I N I T I A L I Z E D   B Y   T K E   C A L L   T O   S U B R C U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K l N I T   F O q  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   W O R K .  

O U T P U T  
D W D T P Y  - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  

P R O D U C T I O N   R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  
T O   T E M P E R A T U R E .   P R E S S U R E   A N D   M A S S   F R A C r I O N S   H E L D  
F I X E D .  

C G S   U h I T S  - M D L E / ( C M * * 3 * S E C * K I .  
D I M E N S I O N  D W D T P Y ( * )   A T   L E A S T   K K .  

C K Q T S R  C K D T Y R  C K D T V R   C K D T Y R   C K D T Y R   C K D T Y R  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B P J U T I N E   C K D T Y R  l G H O ~ T . Y ~ I W O R K , W O R K ~ D W D T R Y )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L I R  
P R O D U C T I O N   R A T E S   O F   T H E   S P E C I E S   W I T H   R E S P E C T   T O   T E M P E R A T U R E  

R E F E R E N C E   E O U A T I O N  ( I I .10.1). 
G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .  

I N P U T  
RHO - MLSS D E N S I T Y .  

T - T E B P E R A T U R E .  

Y - A R R A Y   O F   M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

D I Y E N S I O N   Y l * l   A T   L E A S T   K K .  

C C S  U U I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  

I W O P K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O h K   A R R A Y  

O I M E N S I O N   I W O R K ( * )  AT L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N  THE REQL' iRED L E N G T H  OF [ W O R K .  

WORK - A S R A Y   O F   R E A L   I ? ! ' E R N A L   Y O R K   S P A C E .   T H E  WORK A R R A Y   I S  
I N I T I A L I Z E D  BY TI!€ C A L L  T O  S U B R O U T I N E   C K I N I T .  

I S   I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R n U T I N E   C K I N I T .  

D I M E N S I O N  1; R!::*l A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
D E T A I L S   O N  T t . C  R E Q U I R E D   L E N G T H   O F  WORK.  

O Y T P U T  
D W D T R Y  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  

P R O O U C T I O Y   R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  
T O   T E M P E R A T U R E .   D E N S I T Y   A N D   M A S S   F R A C T I O N S   H E L D  
F I X E D .  

C G S   U N I T S  - M O L E / ( C M * * 3 * S E C * K ) .  
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O I M E i U S I I l N   D W D T R Y ( * )   A T   L E A S T   K K .  

C K O U M L   C K O U M L  C K D U M L   C K D U M L   C , K D U H L   C K D U M L  
**r+t**+****fC****t*9++*+*+Sft+*+afl* 

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K D U : I L   ( T , I W I ? R ~ , W O R K . O l J D T ~ L J  

T H I S   S U B R O U T I N E   R E T U R N S   T H F   P A R T   1 A L   O E R I V A T I V E S  OF T H E  
I N T E R N A L   E N E R G I E S   I N  +lOI.AR U N I T S   W I T H   R E S P E C T   T O   T E M P E Q A T U R E .  
R E F E A E N C E   E O U A T I O N   ( 1 1 . 9 . 5 ) .  

I N   P U T  
T - T E M P E R A T U R F .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A Q q A Y  

D I M E N S I O N  I W O R K ( * )  8 T  L E A S T   L E N I W K .  S E E  C K l N I T  F O R  
D E T A I L S  ON T H E   R E Q U I R E D   L E N G T H  O f  I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A P R A Y  I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

C G S   U N I T S  - K 

I S   I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O I H E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S  C,N T H E   R E O U I R E D   L E N G T H  OF WORK. 

O U T P U T  
O U O T M L  -- A R R A Y  OF P A R T I A L   O E R I V A T I V € S  O F  T H E   I N T E R N A L   E N E R G I E S  

OF T H E   K K   S P E C I E S   I N   M O L A R   U N I T S   W I T H   R E S P E C T  T O  
T E M P E R A T U R E .  

C 6 S  U N I T S  - E R G S / I M n l F * K ) .  
G I M E N S l O N   O ' J L l T M L I * )   A T   L E A S T   K K .  

C K D U H S   C K D U M S  r.KOIIMS C K O U M S  c. Y 13 LJ '4 5 C K D U M S  
* * * * * 0 * * * * * * + * * * * 9 * * * * * * * * * * * * * * * * * * *  

0 0 + + + + C C I * + L f t + l + * + t + * * t +  

*****,******+ 
S U B R C ) U T I N E   C K I ) L " S   ! T : ! W n R K ? W n R K . ~ U D T M S I  

T H I S   S U b R O U T   I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  
I N T E R N A L   E N E R G I E S   I N  M A 5 5  I J f J 1 1 5  U l l l t  R E S P E C T  T O  T E H P E R b T U H E .  
R E F E R E N C E   E O I J A T I O N  I 1  I . 9 .1%1 - 

I N  P U T  
T - T L M P E R A T U R E .  

I W O R K  - A R R A Y  O F  I N T E G E R  I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A Q R A Y  

D I M E N S I O N   I W O R K I * )   A T   L E A S . r   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   P E O U I R E O   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E 0   B Y   T H E   C A L I .  T O  S I J B R C U T I N E   C K I N I T .  

D E T A I L S   C N   T H E  R E O U I R E O  L € N G T H  OF WORK. 

C G S   U N I T S  - K 

IS I N I T I A L I Z E D  HV T H E  C A L L   T O   S U B R O U T I N E   C K I N I T .  

DIMENSION W O R K ( * )  A T  L E A S T  L E N W K .  S E E  CKIN'IT F O W  

O U T P U T  
D U D T H S  - A R R A Y  OF P A R T I A L   D E R I V A T I V E S  OF THE f N T E R N A L   E N E R G I E S  

O F   T H E   K K   S P E C I E S  I N  M A S S   U N I T S   W I T H   R E S P E C T   T O  
T E M P E R A T U R E .  

C G S   U N I T S  - E R G S / I G M * K l .  
D I M E N S I O N  O U D T M S l * )   A T   L E A S T   K K .  
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C K D W B C   C K O W B C   C K D W B C   C K D W S C   c ! ? 3 w B C   C K O W B C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* I * * * * * * * * * * * * * * * * * * * * * * *  

************* 
S U B R O U T I N E   C K O W B C  ( C .  I W O R K . W O R K ~ O W B D C 1  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  
M E A N   M O L E C U L A R   W E I G H T   W I T H   R E S P E C T   T O   T H E   M O L A R  
C O N C E N T R A T I O N S   G I V E N   T H E   M O L A R   C O N C E N T R A T I O N S .   R E F E R E N C E  
E O U A T I O N  (11.7.3 I .  

I N P U T  
C - M O L A R   C O N C E N T R A T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - B O L E / C M * * 3  
D I ' l E N S I O N   C ( * l   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  
IS I N I T 1 4 L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   I W f J R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H   O F   I W @ R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O I J T I N E   C K I N I T .  
D ! M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D L T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF WORK. 

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R 4 Y  IS 

0 U T P U . T  
DWBDC - A R R A Y   O F   P A R T I A L   D E R I V A T I V E S   O F   T H E   M E A N   M O L E C l ! L A R  

W E I G H T   W I T H   R E S P E C T   T O   T H E   M O L A R   C O N C E N T R A T I O N S  
O F   T H E   K K   S P E C I E S ,  

O I M E F I S I O N  D W B D C ( * l   A T   L E A S T   K K .  
C G S   U N I T S  - G M * C M * * 3 / M O L E * * 2 .  

C K O W B X   C K D W B X   C K D W B X   C K D W B X   C K O W B X   C K D W B X  
* * * * * c ~ * * * * * * * + * * * * * * * * ~ * * * * * * * 4 * * * * * * * *  

* * * * * * * * * * * * * * * * * 4 * * * * * * *  

*+*** * * * * * * * *  
S U B X C J U T I N E   C K D W B X   I X , I W O R K ~ W O R ~ ~ r D W B D X I  

T H I S   S I J B R O U T   I N €   R E T U R N S   T H E   P A i l T I A L   D E R 1   V A T 1   V E   O F   T H E  
M E A N   M O L E C I J L A R   W E I G H T   W I T H   R E S P E C T   T O   T H E   M O L E   F R A C T I O N S  
C ! V E N   ? H E   H O L E   F R A C T I O N S .   R E F E R E N C E   E O U A T I O N   ( 1 1 . 7 . 2 1 .  

I N P U T  
X - M O L E   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
D I M E N S I O N  X ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   4 R R A Y  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O G  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

WORK .- A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N ! T I A L I Z E D  BY T!4E C A L L  T O  S U B R O U T I N E   C K I N I T .  

D l h E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K i l 4 I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

IS I N I T I A L I Z E D  RY T H E   C A L L  1'0 S U R R O U T I N E   C K I N I T .  

O U T P U T  
DWBDX - A R P A Y   O F   P A R T I A L   D E R I V A T I V f  5 O F   T H E   M E A N   M O L E C U L A S  

W E I G H T   W I T H   R E S P E C T   T O   T H E   M O L E   F R A C T I O N S   O F   T H E  
K K   S P E C  I E S .  

C G S   U N I T S  - G Y / M O L E .  
D I M E N S I O N  @ W R D X ( * l   A T   L E A S T   K K .  
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C K D W B Y   C K D W B Y   C K D W B Y   C K D W B Y   C K D W B Y   C K D W B Y  
**** t i *******************************  

* * * * * * * * * * 4 9 * * * * + * * * * ~ * * *  

* * * * * 4 * * * * <  c *  

S U B R O U T I N E   C K O W B Y   l Y v I W O R K v W O R K v D W B 1 Y l  

T H I S   S U B R O U T I N E   R E T U R N S   T u E   P A R T I A L   O E R I ' J A T I V E   O F   T H E  
M E A N   M O L E C U L A R   W E I G H T   W l T H   R E S P E C T   T O   T H E   M A S S   F Q A C T I O k I S  
G I V E N   T H E   M A S S   F P . A C T  IONS.  K E F E k E N C E   E O U A T I O N  ( I  I .7.1). 

I N P U T  
Y - L R R A Y   O F   M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

O I M F N S I O N   Y ( * )   A T   L E A S T   K K .  
C G S   U N I T S  - N O V E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T F R N A I .  W O R K  S P A C F .   T H E  IWCIRK  AZRA ' f  

O I M E N S I O N   I W O R K I Q )   4 T   L E A S T   L E N I W K .   S E E   C K I N l T  FOR 
D E T A I L S   C N   T H E   R F C l l J I R E D   L E Y G T H  OF I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  1 s  
I N I T I A L I l E O  R Y   T H E  CALI .  T O   S U B R O U T I N E   C K I N I T .  

O I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N  THE R F O U I R E O   L F N G T H   O F   M O G K .  

IS I Y I T I A L I Z E D   B Y   T H E   C A L L  T O  SUORI-JUT:NE C , r . l Y I 7 .  

O U T P U T  
D U B D Y  - A R R A Y   O F   P A R T I A L   D E G I V A T I V E S   O F   ? H E   M E A N   M O L E C U L A R  

W E I G H T   W I T H   R E S P E C T   T O   T H E   M A S S   F R A C T I O N S   O F   T i f E  
K K   S P E C I E S .  

C G S  U N I T S  - G M / M U L E .  
D I M E N S I O N  I ) U R O Y I + I  A T  L E A S T   K K .  

CKDWC  CK Ok'C CKDWC C KDWC CKDWC  CKOWC 
* 9 1 4 * * * * * * * * * * * 4 * * * * * f + + * + 4 * + * * * * * * * * * * * * * * *  

f 0 * * * * * * * 4 * * * * * * * * + * * * * * *  

* * * *+* * * * * * * *  
SUBROUTINE C K O W C  IT,C,KOIH, r w o ~ K . w n n ~ , c ~ ~ c ~ )  

T H I S   S U B R O U T I N E   R E T U R N ?  THF P A R T I A L  D E R 1  V A T I V E S  OF THE M O L A R  
P R O D U C T I O N   R A T E S   O F   T H E   S P E C I E S   W l T H   R E S P E C T   T U   M O L A R  
C O N C E N T R A T I O N S   G I V E N  THE T E M P E R A T I J R E   A N D   M O L A R   C O N C E N T R A T I O N S .  
R E F E R E N C E  E o w , T r r w  ! I I . I  9.25  I .  

I N P U T  
T - T E M P E R A 7 U R E .  

C - M O L A R   C P N C E N T R A T I O N S   D F  T H E  K K  S P E C I E S .  
C G S   U Y I T S  - K 

C G S   I J N I T S  - M I ) l E / C M * * 1  
D I M E N S I O N  CI*I A T  L E 4 5 1  K K .  

K D I M  - A C T U A L   F I R S T   0 1 ' 4 E t 1 S I O Y  0" TWO O I t I E N S I O t J A L   A R R A Y .  
K D I M   M U S T   B E   G R E A T E R   T H A N  OR E O U A L   T O   T H E   T O T A L  
N U M B E R   O F   S P E C I E S ,   K K .  

I W O R K  - A Q R A Y  OF I N T E G E R   I N T E Q N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W D R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T L I C S  CN T H E   F F O U l R E D   L E N G T H  OF I W O R K .  

I N ! T I A L I L E D  B Y   T H E  C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N  H C l Q K ( * )  A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N  T H E  Q E O U I R E D   L E N G T H  CIF WORK. 

I S   I N I T I A L I Z E D   R Y   T H F  C . A l L  T O   S U S R O U T I N E   C K I N I T .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y   I S  

O U T P U T  
DWDCT - M A T R I X  OF P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  

P R O D U C T I O N  R L T E S  O F   T l ; i   K K   S P E C I E S  W I T H   R E S P E C T  T O  
T H E   t * : O L A R   C O N C E N T G A T I O N S  OF T H E   K K  S P E C I E S .  

D E R I V A T I V E  O F  T H E   M O L A R   P R O D U C T I O N   R A T E  FOK S P E C I E S  
K W I T H   R E S P E C T   T O   T H E   M O L A R   C O N C E N T R A T I O N  O F  S P E C I E S  
N. 

T E H i f R A T U R E   H E L D   F I X E D .   D W O C T ( K v h 0   I S   T H E   P A R T I A L  

C G S   U N I T S  - l / S E C .  

F I R S T   O I M E N S I O N   A N 0  A T   L E A S T   K K   F O R   T H E   S E C O N O .  
D I M E N S I O N   D W D C T ( K D I M v 4 )   E X A C T L Y   K D I M   F O R   T H E  
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CKOWPX  CK3WPX  CKOW  PX  CKOWPX  CKOWPX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t * * * S Q C * * * * * * + * * * * i  I :**** 

+****+******* 
S U B R O U T I N E   C K O W P X   ( P I T I X ~ I W O R K , W O R K , D W D P T X I  

C K D W P  X 

T H I S  S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R  
P R O O U C T I C l N   R A T E S  O F  T l i E  S ? E C I E S  U I T H  R E S P E C T   T O   P R E S S U R E  

R E F E R E N C E   E O U A T I C N  ( I I .10.32 I .  
G I V E N   T H E   P R E S S U R E ,   T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .  

I N P U T  
? - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - O Y N E S / C M * * 2 .  

C G S   U N I T S  - K 

C G S  U N I T S  - N O N E .  
DI t4ENSIOr . I  X ( * )   A T   L E A S T   K K .  

I W O R K  - ARP.AY OF I N T E G E R   I N T E R N A L  WORK  SPACE.  THE I W O R K   A R R A ' i  

D I Y E N S I O N   I b f O R K ( * l   A T  L E A S T  L E N I W K .   S E E   C K I N I T   F O P .  
D E T A I L S   C N   T H E   R E O U I R E O   L E N G T H  OF I W O R K .  

WORK - A R R A Y  PC R E A L   I N T E R N A L  WORK S P A C E .  THZ WORK  ARRAY I S  
I N I T I A L I Z E D  BY THE C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  F O R  
D E T A I L S  flN T H E   R E O U I R E O   L E N G T H   O F   W O R K .  

IS INITILLIZED ey THE C A L L  T O  SUBROUTINE CKINIT. 

O U T P l j T  
OWOPTX - A R R A Y  O F  P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R   P R O D U C T I O N  

R A T E S  O F  THE K K   S P E C I E S   W I T H   R E S P E C T  T O  P R E S S U R E .  
T E M P E 9 A T U R E   A N 2   M O L E   F R A C T I O N S   H E L D   F I X E D .  

C G S   U N I T S  - M O L E / ( C M * S E C * O Y N E S ) .  
D I M E N S I O N   O W D P T X ( * l   A T   L E A S T   K K .  

C K D W P Y   C K O W P Y   C K D W P Y   C K O W P Y   L K J W P Y   C K D W P v  
* * * * C * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * ~ ~ * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U R R O C f T I N E   C K O W P Y   ( P , T , Y ,   I W O R K ~ W O R K V O W O P T Y I  

T H I S   S U R R O U T I N F   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  
P R O D U C T I O N   R A T t S   O F   T H E   S P E C I E S   U I T H   R E S P E C T  T O  P R E S S U R E  
G I V E N   T H E   P R E S S i J R E ,   T E M P E R A T U R E   A N D   M A S S   F R A C T I O N S .  
R E F E R E N C E   F O U A T I O N  t ? I  -10.32 1 .  

I N P U T  
P - P R E S S U R E .  

C G S  U N I T S  - O Y N E S / C H * * Z .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y  O F  Y A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
O I H E N S I O N   Y ( * l   A T   L E A S T   K K -  

JWORK - A R R & Y  OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A k R A Y  
IS I N I T I A L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FClF 
D E T A I L S   O N   T H E   R E O l l I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WORK  SPACE.  THE WORK A R R A Y  IS 
I N I T I A L I Z E 0  R Y   T H E   C A L L  T O  S U P 2 O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
O E T A I L S  C N  T H E  R E O U I R E D   L E N G T H  OF Y O f i K .  

O U T P U T  
D W D P T Y  - A R F A Y  OF P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R   P R O O U C T I O N  

R A T E S  OF T H E   K K  S P E C I E S  H I T H  R E S P E C T  T O  P R E S S U R E .  
T E M P E R A T U R E   A N D  M A S S   F R A C T I O N S   H E L D   F I X E D .  

C G S   U N I T S  - H O L E / ( C M * S E C * D Y N E S I .  
D I M E N S I O N   O W O P T Y ( * I   A T   L E A S T  K K .  



C K O W R X   C K D W R X   C K D W R X   C K D W R X   C K D W R X   C K D W R X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

****.******** 
S U B R O U T ? l . I E   C K O W R X   ( R H O v T v X v   I W O R K ~ W O R K v D W O R T X I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  
P R O D U C T I O N   R A T E S  OF T H E   S P E C I E S   W I T H   K E S P E C T   T O  THE M A S S  
D E N S I T Y   G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N 0   M O L E  
F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  ( 1 1 . 1 0 . 3 8 ) .  

I N  P U T  
R H O  - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

X - MCJCE F R A C T I O N S   O F   T H E  K K  S P E C I E S .  

C G S  U N I T S  - G M / C M * * 3 .  

C G S  U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X I * )  A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R I . ( A L  WORK S P A C E .  THE I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .  S E E  C K I N l l '  F O G  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F  IWOHK.  

WgRK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK L R R A Y  I S  
I N I T I A L I Z E 0   B Y   T H E   C A L L   T O   S U Y R O U T I N E  C K I N I T .  

D I M E N S l O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E  C K I N I T  F O R  
D E T A I L S   C N   T H E   H E O U I R E O   L E N G T H   O F  WORK. 

I S  INITIALIZED BY T H E  C A L L  T O  SUBROUTINE CKINIT. 

Q U T P U T  
D K O F T X  - A R R A Y  OF P A R T 1 4 L   U E R I V A T I V E S   O F  T ; ! E   H O L A R   P R O D U C f I O N  

!7.ATES @ F   T H E  & K  S P E C I E S  W I T H  R E S P E C T  71; ? E N S ! T Y .  
T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S   H E L D  F i X E O .  

C G S   U N I T S  - M t i L E / ( S E L * G H I .  
D l  M E N S I O N  O W D R l X  ( ' 1  A T   L F A S T  K K .  

C K D W R Y  CI(.C'.IRY C K O N R Y   C K O W K Y   C K U U G Y  C SOUR Y 
~ ~ Z d . l . j t t ~ U . C L * I + * + 0 + + * + + . * + + 4 + r ( + + + * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * e * 0 * * 9 * * * f  

SUBROUTINE C K O W R Y  (RHII.T,Y, I W O H K ~ W ~ R K ~ D W O H I Y ~  

T H I S  S U B R O U T I N E   R E T U R N S   T t l E   P A R T I A L   C E R I V A T I V E S  OF T H E   H O L A G  
P R O D U C T I O N   R A T E S  OF T H E   S P € L I E S  W I T H  R E S P E C T   T O   T H E   M A S S  
D E N S I T Y   G I V E N   T H E   M A S S   O E N S l . T Y ,   T E M P E R A T U R E   A N D   M A S S  
F R A C T I O N S .   R E F E R E N C E   E O U A T I O W  1 1  I.iO.30) 

I N P U T  
Qng - M A S S  OLNSITY. 

C G S   U N I T S  - G M / C M * * 3 .  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 
Y - A R R A Y  O F  M A S S  FRACTIONS nF THE K K  SPECIES. 

C G S   U N I T S  - N Q N E .  
O I ' I E N S I O N   Y l * 1   A T   L E A S T  K K .  

I W O R K  - A R R A Y   [ I F   I N T E G E R   I N T E R N A L  WORK S r b C . E .   T H E  [ W O R K  A Q R A Y  

O I Y E N S I D N   I W O R K ( * I   A 1   L E A S T   L E N I W K .   S E E   C K I N I T  FOP. 
D E T A I L S   C N  THE R E Q U I R E D  L E N G T H   O F  I W D R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L .  WORK S P A C E .  1 Wi W O R K   A R R A Y  I S  
I N I T I A L I Z E D  0': T H E  C A L L  10 S U B R O l l T I N E   C K I N I T .  

D I M E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .  S F E  C K I N I T  F O R  
D E T A I L S   O N   T H F   R E Q U I R E D   L E N G T H   O F  WORK. 

IS I N I T I A L I Z E D  B Y  T H E   C A L L   T O  S U B G c ) l ! T I N t  C K I N I T .  

O U T P U T  
D W D R T Y  - A R R A Y  O f  P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R   P R O D U C T I O N  

R A T E S   O F   T H E   K K  S P E C I E S   W I T H   R E S P E C T   T 3   D E N S I T Y .  
T E M P E R A T U R E   A N D  M A S S   F R A C T I O N S   H E L D   F I X E D .  

C G S   U N I T S  - M O L E / ( S E C * G M I *  
D I M E N S I O N   D W D R T Y ( * I   A T   L E A S T   K K .  
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C K D W X P   C K D W X P   L K D W X P   C K D W X P   C Y D W X P   C K D W X P  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * e * * * * * * * *  

S U B R O U T I N E   C K D W X P  l P , T , X ~ K D I ~ ~ I W O R K ~ H O R K ~ D W D X P T l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R : V A T I V E S   O F   T H E   M J L A R  
P R O D U C T   I O N   R A T E S  O F  T H E   S P E C I E S   W I T H   R E S P E C T  T O  M O L E   F R A C T I O N S  
G I V E N   T H E   P R E S S U R E ,   T E M P E R A T U R E   A N D   M O L E   F R A C T i O N S .   R E F E R E N C E  
E O U A T I O N  I I 1  .10.191. 

i 

. 

I N P U T  
P - P R E S S U A E .  

T - T E M P E P A T U P E .  

x - H O L E   F P A C T I C N S  OF T H E   K K   S P E C I E S .  

C G S   U N I T S  - O Y N E S / C M * * Z .  

C C S   U N I T S  - K 

C G S   ? I N I T S  '- N O N E .  
D I M E N S 1 3 N   X I * )   A T   L E A S T   K K .  

K D I M  - A C T U A L  F I R S T  D I M E N S I O N  OF T W O   D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T   B E   G R E A T E R   T H A N  OR E O U C L   T O   T H C   T O T 4 L  
N U M B E R  OF S P E C I E S ,   K K .  

I W O P K  - A R R A Y  OF 11JTCC.E4 I N T E R N A L   H O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I I O R K I * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
9 E T A   I L S  ON THE R E Q U I R E D   L E N G T t :   O F   I W O R K .  

WORK - A R R A Y   O F   q E A L   I Y T E R N A L  WORK S P A C E .   T H E  W O R K   A R R A Y  I S  
I I U I T I A L  I L E D  S Y  THE C A L L   T O   S U B R O U T I N E   C K I N I ' T .  

I S  I N I T I A L I '   8 Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E Y S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S F E   C K I N I T  FCIR 
O E T A I L S  CN T H E   k E O U I R E O   L E N G T H  OF WORK.  

O U T P U T  
D W D X P T  - M A T R I X  OF P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R  

P R D D U C T I O Y   R A T E S   O F  T H E  K K   S P E C I E S   W I T H   R E L P E C T   T O  
T H E  MO1.E F R A C T I O N S  OF T H E   K K   S P E C I E S .   P R E S S U R E  
A N D   T E M P E R A T U R E   H E L D   F I X E D .   O W D X P T ( K , N )   I S   T H E  
P A R T I A L   D E R   I V A T I V E  OF T H E   M I ) L A R   P R O D U C T I O N   Q A T €  FOR 
S P E C I E S  K WITti X F S P E C T  T O  T H E  H O L E  F R h C T ; O ' I  r)f- 

S P E C  1 E S  f 4 .  
C G S  U N I T S  - M U L E / ( C N * * 3 * S E C ) .  

F I R S T   I ) I M E N S I O N   A N D  AT L E A S T   K K   F O R  T H E  S E C O N D .  
I I I M E N S I O N   D W D X P T ( K D l M t * t   E X A C T L Y  Y D I P  FIIR T H E  

C K D W X R   C K D I A X R   C K D W X R   C K D W X R   C K O W X R   C K D W X R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * 0 * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * *  
SL 'YROUTI? . IE  C K W X F  ( R H O ~ T ~ X I K D I N , I W O R K ~ W O R K ~ D W D X R T )  

TH1.C. S U B R O U T I N E   R E T U k N S  ? H E  P A R T I A L   D E R I V A T I V E S  OF T H E   M 3 L A R  
P R n D U C T I O N   C A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T   T U   M O L E   F R A C T I O N S  

R E F E R E N C E   E O U A T I O N  lll.~~.l9~. 
G I V E N  THE M A S S  D E t 4 S I  T Y  9 T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .  
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I N  P U T  
R H O  - M A S S  D L  t S I T Y .  

T - T E M P E R A T U R E .  

X - H G L E   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S  U N I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C G S  I J N I T S  - N O N E .  
D I M E N S I O N   X I + )   A T   L E A S T   K K .  

K D I M  - A C T U A L  F I R S T  O I M E N S J O M  OF T W O   D I M E N S l O N A L   A R R A Y .  
K D I C  Y ( J S T   B E   G R E A T E R   T H A N  O R  E O I J A L   T O   T H E   T O T A L  
N U M B E R  OF S P E C l E S v   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A V  

D I M E N S I O N   I W O R K I * )   A T  L E A S T  L E N I Y K .  S E E  C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   . W R A Y  IS 

I S  I N I T I A L I Z E D  BY THE C A L L   T O   S U B R O U T I N E   C K I N I T .  



I N I T I A L l Z f U   B Y  THE C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S 1 7 N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O Q  
D E T A I L  1 CN T H E   R E O U I R E D   L E N G T H  OF WORK. 

O U T P U T  
U W U X R T  - M A T R I X   O F   P A R T I A L   O E R l V A T I V E S   O F   T H E   M O L A R  

P R O D U C T I O N   R A T E S   O F   T H E   K K   S P E C I E S   W i T t i   R E S P E C T  T O  
THE MOLE F R A C T I O N S   O F   T H E   K K   S P E C I E S .   D E N S I T Y   A N D  
T E Y P E R A T U R E   H E L D   F I X E D .   D W D X P . T ( K , N )  is T H E   P A R T I A L  
~ ~ E R ! V A T I V E   O F   T H E  M O L A R  P R O D U C T I O N   R A T E   O F   S P E C I E S  
K W I T H   E E S P E C T  T O  T H E   M O L E   F R P . C T I O N   O F   S P E C I E 5  N. 

C G S   I ? h ! I T j  - M O L E / l C H * * 3 * S E C ) .  
L i I M E N S I O N   U W D X R T ( K D I M , * I   E X A C T L Y   K D I H   F O R  THE 
F I R S T   D I M E N S I O N   A N D   A T   L E A S T   K Y  F O R  T;iE SECOF;’l~. 

C K D W Y P   C K D W Y  P C K U W Y P   C K D W Y P  C,KDWY 2 C K U W Y V  
+ C * + + + * * * + + * * * + + + + * * + * L * + * + + + t * + + $ + + ,  

* * * * + + * * * + + + * + + * * * + * * * * * *  
+ . + v * * * + * * * * +  

S U B R O U T I N E   C K D U Y P  I P ~ T ~ Y , K U I H ~ I W O R K I W O R K ~ D W U Y P T I  

THIS S U D R O U T l N E   R E T U R N S  T H E  P A R T   I A L   D E R I V A T I V E S  OF T H E  M O L A R  
P R O D U C T I O N   R A T E S  O F  ’THE S P E C I E S   W I T H   R E S P E C T   T r J   T H E   M A S S  
F R A C T I O N S   G I V E N   T H E  P P E S S U R E ,  T E M P E R A T U R E   A N D   M A S S   F R A C T I O N .  
R E F E R E N C E   E Q U A T I O N  lII.10.131. 

I N P U T  
P - P R E S S U R E .  

v - T E M P E R A T U R € .  
C G S  U N I T S  - K 

Y - A R R A Y  O F  M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  
C G S  U N I T S  - N O N L .  
D I M E N S I O N  Y l * l  A T   L E A S T   K K .  

C G S   U N I T S  - O Y N E S / C H + * Z .  

K D I H  - A C T U A L  F I R S T  D I M t N S I f l N  OF TWO D I M E N S ! O N A C   > t i < R A Y .  
K D I M   M U S T   U E   G R € A T E P   T H A N  OR E Q U A L  TI) THE l ! J T A L  
N U M B E R  Ob S P E C I E S ,  K K .  

I W O R K  - A R R A Y  OF I N T E G € H   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A R R A Y  

D l t 4 E N S I O N   1 W O R K l + )  A T  L E A S T  L t t t l W K .  S E E  C K I N I T   F O P  
D E T A I L S  CN THE K t c i l J 1 K L : O  L E N G T H  OF I W O R k .  

IS I t 4 ! T I A L  I L E D  BY T H E  C A L L  T O  S U B R O U T I N E   C K I N I T .  

W @ 4 Y  - A Q R A Y  !Ji R F A L  I N T E L N T ~ L  WIIKK 5l’ACC. T l i f  W O R K  A K R A Y  I S  
I N I T I L L i Z E D   B Y   T H E   C A L L  T U  S U B R O U T I N E   C K I N I T .  

D I Y E N S I O N   W O H K ( * I  A T  L E A S T   L E N W K .  S E E  C K I N I T  F O R  
D E T A I L S   C N  T H E  R E O U I P E D   L E N G T H  OF W O R K .  

O U T P U T  
D W D Y P T  - M A T R I X  OF P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R   P R O O U C T ! O N  

R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  T O  T H E   M A S S  
F R A C T I O N S   O F   T H E   K K   S P E C I E S .   P R E S S U R E   A N D   T E M P E R A T V R E  

M O L A R   P R O D U C T I l l N   H A T €  FOP S P E C I E S  K W I T H   R E S P E C T   T O  
T H E   M A S S   F R A C T I O N  OF S P E C I E S  N. 

F ! X E D .   D W O Y P T I K I N I  I S  T H E   P A R T I A L   D E R I V A T I V E   O F   T H E  

C Z S   U N I T S  - M O L E S / ( C M * * 3  S E C I  
D I M E N S l g N   D W D Y P T ( K D I M , * )   E X A C T L Y   K U I M  FUR T H E  
F I R S T   D I M E N S I O N   A N D   A T   L E A S T   K K   F O R  T H E  S E C O N D .  
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C K D W Y R   C K D W Y R   C K D W Y R   C K D i l Y R   C K D W Y R   C K D W Y R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * * * o * * * * * * * * * *  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K D W Y R  ( R H O ~ T ~ Y ~ K D I H ~ I W O R K , W O R K ~ D W D Y R T )  

T H I S  S U B R O U T I N E   R E T U P N S  THE P A R T I A L   D E R I V A T I V E S   O F   T H E   Y O L A H  
P R O D U C T I O N  R A T E S  O F   T H E   S P E C I E S   W I T H   R E S P E C T  T O  T H E   Y A S S  
F R A C T I O N S   G I V E N   T H E   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M A S S  
F R A C T I O N S .   R E F E R E Y C E   E O I J A T I O N   ( 1 1 . 1 0 . 1 3 1 .  

I N  P U T  
R t l O  - M A S S   D E N S I T ' I .  

T - T E M P E R A T U R F ,  
C G S  U N I T S  - G M / C M * * 3 .  

C G S   U N I T ;  - K 

C G S  U N I T S  - NS?IE. 
D I M E N S I O N   Y l * )   A T   L E A S T   K K .  

- A R R A Y  O F  M A S S  F R 4 C T I O N S  ' J F   T H E   K K   S P E C I E S .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N  OF T W O  D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T   B E   G R E A T E R   T H A N  OR E O U A L  T O  T H E   T O T A L  
N U M B E R   O F   S P E C I E S I   K K .  

I H O R K  - A R P A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .  T H E  I W O R K   4 R R A Y  
IS I N I T I A L I Z E D  BY THF C A L L  T C  S U B R O U T I ? I ;   C K I N I T .  

D I M E N S I O N   I W O R K ( * I  A T  L E A S T   L E N I W K .  ,EE C K I N I T  FOK 
D E T A I L S   O N  THE R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .  T r i E  WORK  ARQAY I S  
1 N : T I A L I Z E D  9 Y  T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

C ) I M E N S : O N   i . l O i i K l * !  A T  L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N  THE R E O U I R E D   L E N G T H  OF WORK. 

O U T P U T  
DWOYRT - M A T R I X   O F   P A R T I A L   D E R I V A T I V E S  O F  T H E   M O L A R  

P R O D U C T I O N   R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  19  
T H E   M A S S   F R A C T I O N S   O F  .iClE K K   S P E C I E S .   D E N S I T Y   A N D  
T E M P E R A l U A E   H E L D   F I X E D .   D W D Y R T ( K I N 1  I S  THE P A P . T I A L  
D E R I V A T I V E  3 F  THE M O L A R   P R O D U C T I O N   ? A T E   F O R   S P E C I E S  
K Ylii! 9 E S P E C T   T O   T H E  MASS F R A C T I O N  0 1 :  S P E C I E S   N .  

f,GY, I'hl I T S  - M Q L E  / (  C N * * 3 * S f C )  . 
i.:J : t : ; S I O N  A N D   A T   L E A S T   K K   F O R   T H E   S E C O N D .  
' ) i M E h l ; ! O F J  D W D Y R T ( K D I M , * l   E ) : A C I ! . Y   K D I M  FOR T H E  F I P S T  

C K O X D Y   C K D X O Y  c v  ox O Y   C K O X D Y   C K D X D Y   C K D X D Y  
* * * + * * * * * * * * C 9 u * * * * * * * ~ * * * * * * * * * * * * * *  

* * + * * * 9 u * * * * * * * n * * * + * * * * *  
* * * * * * * * * * * * *  

S U B R O U T I N E   C K D X O Y  ( Y , K D I M . I W O R K , W O R K ~ @ X K D Y N I  

T H I S  S U B R O U T   I N €   R E T U P N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L E  
F R A C T I O N S  H I T H  R E S P E C T   T O   T H E  M A S S  F R A C T I O N S   G I V E N  THE M A S S  
F R A C T I O N S .   R E F E Q E N C E   E O l J A T l O N  I 1 1 . 8 . 2 ) .  

I N P U T  
Y - A R R A Y  O F  M A S S   F R A C T I O N S   O F   T H E   K K  S P E C 1  ES.  

C G S   U N I T S  - N O N E .  
D I M E N S I O N   Y ( * l   A T   L E A S T   K K .  

K D I M  - A C T l J A L  F I R S T  D I M E N S I O N  OF TWC D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T   O E   G R E A T E R   T H A N  OH E Q U A L  T O  T H E   T O T A L  
N I J M B E R   O F   S P E C I E S ,   K K .  

IW!)KK - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E  lWO41 A R R A Y  
IS I N I T I A L I Z E D  P,Y T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I ' 4 E N S I O N  I W C l R K ( * I  A T  L E 4 S T  L E N I W K .  S E E  C K I N I T  FOR 
D E T A I L S   O N  T H E  R E O I J I R E D  L E V G T H  OF I W O R K .  

WORK - A R R A Y  [IF R E A L  I N T E R N A L  !4ORK S P A C E .   T H E  WORK A R R A Y  I S  
I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U S R D I J T I N F   C K I > I I T ,  

D I M E N S I O N  W O R K ( + )  A T   L E A S T   L E N W K .  S E E  C K I N l T  F O R  
D E T A I L S   O N   T I ? E   R E O U I R E D   L E N G T H   O F   U O k K .  

O U T P U T  
D X K D Y N  - M A T R I X  O F  P:.RT I P L  I iFF I V A T I V E Z  O F  THt :  M U L E  F R A C T I O N S  
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OF T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O   T H E   M A S S   F R A C T I O N S  
OF T H E   K K   S P E C I E S .   D X K D Y N I K v N )  IS T H E   P A R T I A L  
D E R I V A T I V E  OF T H E   M O L E   F R A C T I O N   O F   S P E C I E S  K W I T H  
R E S P E C T   T O   T H E   M A S S   F R A C T I O N  OF S P E C I E S  N. 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   O X K D Y N ( K D I H v * )   E X A C T L Y   K D I M   F O R   T H E  
F I R S T   D I M E N S I O N   A N D   A T   L E A S T   K K   F O R   T H E   S E C O N D .  

I N  P U T  
T - T E M P E R A  T L R E .  

C - M O L A R   C O N C E N T R A T I O N S  OF T H E   K K   S P E C I E S .  
C G S   U N I T S  - Y 

C G S   U N I T S  - K O L E / C M * * 3  
D I M E N S I O N  C l * ;   A T   L E A S T   K K .  

I W O P K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   F R R A Y  
IS I N I T I A L I Z E D  L'Y T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   I W > R K ( * )   A T   L F A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T & I L S   C N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  
WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y  IS 

O I H E N S I O Y  W O R K ( + )  A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  

C K D Y D X   C K   D Y   O X   C K D Y D X   C K O Y D X   C K D Y D X   C K D Y D X  
* * * * * * * * * * L ~ * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * + * * * * * * * * ~ k * * * *  
*******+*+*** 

S U B R O U T I N E   C K O Y O X  ~ X v K D 1 M ~ I U O R U ~ W O R K ~ D Y K D X N )  

T H I S  S U B R O U T I N E   R E T U R N S   T H E   P A R T   l A L   D E R I V A T I V E S  OF T H E   M A S S  
F R A C T I O N S  WITH k E S P E C T  T O  YHE M O L E   F R A C T I O N S   G I V E N   T H E   Y O L E  
F R A C T I O N S .   G E F E R E N C E   E O U A T I O N  ( 1 1 . 6 . 1 ) .  

I N P U T  
X - M O L E  F R A C T I O N S  PF T H E   K K   S P E C I E S .  

I G S   U N I T S  - N O N E .  
D I M E N S I O N  X I * )   A T   L E A S T   K K .  

K D I M  - A C T C I A L   F I R S T   D I M E N S I O N   O F   T W O   D I H E N S I 3 N A L   A R R A Y .  
K D I M   M U S T  B E  G R E A T E R   T H A N  OR E Q U A L   T O   T H E   T O T A L  
N U M B E R   O F   S P E C I E S t   K K .  

I W O R K  - A R R A Y   O F   I N T E G f  2 I N T E R N A L   k O R K   S P A C E .   T H E   I W O R K   A R R A Y  
IS I Y I T i A L l L E D   R Y   T H t   C A L L   T O   S U B R O U ' T I N E   C K I N I T .  

D I M E N S I C N  IHORK(*l A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O P  
D E T A I L S  ON T H E   R E O U l   R E D   L E N G T H  OF I W f l R K .  

k'C9.K - A R k A Y  OF R E A L   1 N ; E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I Y I T I A C I L E D  B Y   T H E   C A L I .  T O  S U B P O U T I N F :   C K I N I T .  

D I M E f 4 S I C N  W O R K ( * )  A T   I L E A S T   L E N W K .  S E E  C K I I J I T  F O R  
O E T A I L S   O N   T H E  R E O ( J I D E D  L E N G T H  O C  W O R K .  

O U T P U T  
D Y K D X N  - M 4 T P f  X OF P A R T I A L   D E R I V A T I V E S   O F   T H t   M A S S  

F R A C T I O N S   O F   T t l F   K K   S P E C I E S   W I T H   P E S P F T T  T U  T H E  

T H E   P A R T I A L   O E R I V A T   I V E  OF T H E   M A S S   F R A C T I O N   O F  
S P E C I E S  K W I T H   R E S P E C T  TL T t ( E   M O L E   F L A C T I O N   O F  
S P E C I E S   N .  

M O L E   F R A C T I O N S   O F   T H E   K K   S P E C I E S .   D Y K D X N l K v N I  I S  

C C S   U N I T S  - N O N E .  

F I R S T   D I V E N S I O N   A N D   A T   L E A S T   K K   F O R   T H E  SECUND. 
D I M E N S I O N   D Y K D X N ( K O I M I * )   E X A C T L Y   K D I M   F O R   T H E  

C K E  OC CK E c?C C U   F Q C   C K E U C   C K E O C   C K C Q C  
***u*****+*************************** 

* * t * r , ; + * * * * * * * n * ' * * * * * * *  

* * * * * * * * * * * * *  
S U B R O U i I N S   C K t ' O C   ( T , C . I H O R r . W ~ f i K . E O K i )  

T H I S   S : t d K O U T I Y E  RE'UEF.S 7 t : L  ~ O l J l ~ . . l a K I V H  C O N S T A N T S   O F   T I i E  
R E A C T I O N S  G I V E N  T F 4 D E P A T l . l c E ~  AND Y O L A R   C C N C E N T R A T I O N S .  
R E F E R E I J C E :   E O t i A T d n N   ; 1 ! . 5 , 7 1  9 



D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  3 F  WORK. 

O U T P U T  
E O K C  - A R R A Y   O F   E O U I L l E R I U M   C O N S T A N T S   I N   C O N C E N T R A T I O N   U N I T S  

FOR T H E  I 1  R E A C T I O N S .  
CSS U N I T S  - ( M O L E / C M * * 3 1 * * S O P E   P O W E R  
D I M E N S I O N   E Q K C I * )   A T   L E A S T  11. 

C K E   O X P   C K E O X P   C K E O X P   C K E Q X P   C K E O X P   C K E Q X P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * + * + * * * * * * * * * * V * f * * * * * * *  

* * * * * * * * * * *+*  
S U B R O U T I N E   C K E Q X P   ( P ~ T , X I I W O R K ~ W O R K ~ E O K C I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   E O U I L I B R I U N   C O N S T A N T S  F O R  T H E  

R E F E R E N C E   E Q U A T I O N   ( 1 1  - 5 . 7 ) .  
R E A C T I O N S   G I V E N   P R E S S U R E ,   T E M P E R A T U R E   A N D  Y O C E  F E A C T I O Y S .  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A   I - U R E  

X - M O L E   F k A C T I C N S  O F  T H E   K K   S P E C I E S .  

C G 5  ! J N I T S  - D v t : E S / C N * * 2 .  

C G S  L:!JrITS - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  W Z R Y  S P A C E .   T H E   I W O R K   A Q R A Y  

0 : M E N S i O N  I W O R K ( * l   A T   L E A S T   L E N I W C .   S E E   C K I N I T  F O 4  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H  OF I W O G K .  

WORK -- A R R A Y  O F  R E A L   I N T E R N A L  W O R K   S P A C E .  THE WORK  ARRAY I S  
I N I T I A L I Z E D  BY T H E  CALL T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )  A T  L E A S T  1 . E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E  RE9UIRED L E N G T H  OF WORK. 

IS I N I T I A L I Z E O   B Y   T H E  CALL T 9   S U t 3 R O t l T I N E   C K I N I T .  

O U T P U T  
E O K C  - A R R A Y   O F   E O U I L I B R I U M   C O N S T A N T S  I N  C O N C E N T R A T I O N   U N I T S  

FOR T H E  I 1  P . E A C T I O N S .  
C G S   U N I T S  - ( M O L E / C M + * 3 1 * * S O M E  FnWER 
D I M E N S I O N   E Q K C ( + l   A T   L E A S T  1 1 .  

C K E  Q X R  C K E O X i l   C K E O X R   C K E O X R   C K E Q X R   C K E Q X R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * *+*** *  
S U B R O U T I N E   C K E O X R  ( R H O , T , X , I W O R K , W O R K , E a K C l  

T H I S   S U B R O l J T I N E   R E T U Z N S   T H E   E Q U I L I B R I U M   C O N S T A N T S  Of THE 
R E A C T I O N S   G I V E N   M A S S   D E N S I T Y ,   T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .  
R E F E R E N C E   E P U A T I O N  ( I I . 5 . 7 1 .  

I N P U T  
RHO - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

X - MOLE F R A C T i O N S  OF T H E  K K  S P E C I E S .  
C G S   U N I T S  - N O N E .  
D I H E Y S I O N  X ( + )   A T   L E A S T   K K .  

C G S   U N I T S  - G Y / C M * * 3 .  

C G S  U N I T S  - K 

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .  THE I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .  S E E  C K I N I T   F O R  
D E T A I L S  ON T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R A A Y  IS 
I t I I T I h L I Z E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S F €  C K I N I T  FOR 
D E T A I L S  C!N T H E  R E O l ~ I R E O  L E N G T H  OF WORK. 

I S   I N I T I A L I Z E 0   B Y   T H E   C A L L   T O   S U B R . O U T I N E   C K I N I T .  



O U T P U T  
E Q K C  - A R R A Y  O F  E Q U I L I B R I U M   C O N S T A N T S  I N  C O N C E N T R A T I O N   U N I T S  

F O R   T H E   I 1   R E A C T I O N S .  
C G S   U N I T S  - i M O L E / C M * * 3 ) * * S O M E   P O W E R  
D I H E N S ! O N  E O K C ( * )  A T   L E A S T   1 1 .  

C K E   O Y  P C K E O Y  P C K E O Y P   C K E O Y P   C K E O Y  P C K E O Y P  
********************+f+++f+*+*,*************** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * e * * * * * * * *  

S U B R O U T I N E   C K E Q Y P  ( P I T , Y , I W O R K , W O R ~ . r E Q K C )  

T H I S   S U B R O U T I N E   R E T U R N S  T H E  E O U I L I B H I L V I   C O Y S T A N T S  F O R  T H C  

R E F E R E N C E   E U U A T I C N   ( 1 1 . 5 . 7 ) .  
R E A C T I O N S   G I V E N   P R E S S U R E ,   T E M P E R A T U R E  ,ANI3 M A S S   F R A C T I O N S .  

I N P U T  
P - P R E S S U K E .  

T - T E H P E R A T U G E .  

Y - A R R A Y   O F   M A S S   F R A C T I O N S  O F  THE KI; S ? E C I E S .  

C G S   U N I T S  - D Y N E S / C H * * 2 .  

C t i S  U N I T S  - k 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   Y ( * )  A T   L E A S T   K K .  

I W O R K  - A R F A Y  OF I N T E G E R   I t d T E R N A L  "?FK S P A C E .  1 H E  IWiJKK C P W A Y  

D I ? * i i N S I U N  I H O 9 , h ( * )  A i  L E A S T   L E N I W K .   S E E   C K I N I :  F17C. 
I S   I N l T I A L t i E D  BY T H E  C A L L  T O  S U R P . O U T I N E   C K I N I T .  

D E T A I L S  C N  THE X E O L I ~ ~ E O  LENGTH OF rr(caK. 
IKITIALILELI 6 1  ( H E  C A L L  .,ti SUBROUTINE ~,K IP I IT .  

U O R K  - A R R A Y  OF R F A L  I I J T k R N A L  W L l H I (  S P A C E .  T H E  W O R K  A R R A Y  I S  

D I H E N S ! O h (  wLlRki*) A i  L E A S T   L E N U K .  S L E  C K I N l T  F O R  
C E T A l L j   O N  .THE k E U U l K E 0  LEP4GTt1 OF WOkK.  

I N  P U T  
R H Q  - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

Y - A R R A Y  O F  @ H A S S   F R A C T I O N S  OF T H E   K K   S P E C I E S .  

D I M E N S I O N   Y ( * )   A T   L E A S T   K K .  

C G S   U N I T S  - G M / C M * * ! .  

C G S   U N I T S  - K 

C G S  U N I T S  - N O N E .  

I W O R K  - A X R A Y  O F  I N T E G E R  1NTEk:JAL W O a K   S P A t E .   T H E   I W O R K   A R R A Y  
I S   I N I T I A L I Z E D  R Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   I H O R K ( * l   A T   L E A S T   L E N I W K .  S E E  C K I N i T   F O R  
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

I N I T I A L I Z F D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N  W O R K ( + I  A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  O F  WORK.  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   U O R h   A R R A Y  IS 
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F O R   T H E  I I R E A C T I O N S .  
C G S   U N I T S  - ( M O L E / C M * * 3 ) + * S O M E   P O W E R  
D I M E N S I O N   E O K C ( * )   A T   L E A S T  11. 

C K G B H L   C K G B M L   C K G B M L   C K G B M L  C K G   B M L   C K G B H L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

************* 
S U B R O U T I N E   C K G B H L   ( T I X I Y W O R K , W O R K I G B M L )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A R   W E I G H T E D   M E A N   S T A N D A R D  
S T A T E   G I B B S   F R E E   E N E R G Y   O F   T H E   M I X T U R E   I N   M O L A R   U t i I T S .  
R E F E R E N C E   E O U A T I O N  ( 1 1  a 4 . 3 0 1 .  

I N   P U T  
T 

X 

1 WaRK 

WORK 

O U T P U T  
G B H L  

C K G B M S  

- T E M P E R A T U R E .  

- M O L E   F R A C T I O N S  OF T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X ( * )   A T   L E A S T   K K .  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

I S  I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I H E N S I I Y N   I W O R K I * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOK 
O E T A   I L S   C N   T H E   R E O U I R E D   L E N G T H   O F   I W O R K .  - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   4 R R A Y   I S  

I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R D U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S  C'N T H E   R E O U I R E O   L E N G T H  OF WORK. 

- M O L A R   W E I G H T E D   M E A N   S T A N D A R D   S T A T E   G I B B S   F R E E   E N E R G Y  
I N  M O L A R   U N I T S .  

C G S   U N I T S  - E R G S / M O L E .  

C K G B H S   C K G B M S   C K G B M S  C K G B H S   C K G P H S  
*****r****************~************** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K G B M S   ( T I Y I I W O R K I W O R K ~ G B M S )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M A S S   W E I G H T E D   M E A N   S T A N D A R D  
S T A T E   G I B B S   F R E E   E N E R G Y   O F   T H E   M I X T U R E   I N  M A S S  U N I T S .   R E F E R E N C E  
E Q U A T I O N  ( I I .4.31). 

I N P U T  
T - T E Y P E R A T U R E .  

C G S   U N I T S  - K 
Y - A!?RAY OF M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
D I H E N S I G N  Y ( * )  A T   L E A S T   K K .  

I W O k K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I H O R K ( * J   A T   L E A S T   C E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R H A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N ! T I 4 L I Z E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A C T   L E N W K .   S E E   C . K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H  OF WORK.. 

I S  I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
:BMS - M A S S   W E I G H T E D   M E A N   S T A N D A R D   S T A T E   G I O B S   F R E E   E N E R G Y   I N  

M A S S   U N I T S .  
C G S   U N I T S  - E R G S / G M .  
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C K G M C   C K G M L   C K G H L   C K G M L  C KGMC  CKGML . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * O * * * * * * * * * * * * * * * *  

************* 
S U B R O U T I N E   C K G H L   ( T I   I W O R K T W O R K I G M L I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   S T A N D A R D   S T A T E   G I B B S   F R E E   E N E R G I E S  
I N   K O L A R   U N I T S .   R E F E R E N C E   E Q U A T I O N   ( 1 1 . 4 . 1 1 1 .  

I N P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   4 R R b . Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I L X .   S E E   C K I N I T  F O R  
D E T A I L S   C N   T H E   R E Q U I E E O   L E N G T H  O F  I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L   W C R K   S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T 1 4 L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O I Y E N S I O N   W O R K I * l   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

C G S   U N I T S  - K 

IS INITIALIZED BY THE C A L L  T O  SUBROUTINE CKINIT. 

O U T P U T  
G H L  - A R R A Y   O F   S T A N D A R D   S T A T E   G I B B S   F R E E   E N E R G I E S   I N   M O L A R  

W I T S  FOR T H E   K K   S P E C I E S .  
C G S   U N I T S  - E R G S / M O L E .  
D I M E N S I O N   G Y L ( * l   A T   L E A S T   K K .  

C K G M S   C K G M S   C K G M S   C K G Y S   C K G H S   C K G b i S  
*******5*+~*******r l**************?** 

I n m * * + + r + r C * * + C l r + * + C * * + * C  

*IL**t****C** 

S U B R O U T I N E   C K G Y S  ( T I  I W O R K I W O R K I C M S ~  

T H I S   S U B R O U T I N E   R E T U R N S  T H E  S T A N D A R D   S T A T E  G I B B 5  F R E E   E N E R G I E S  
IN M A S S  UNITS. R E F E R E W C E  EOUATION ( I r . 4 . 1 8 ) .  

I N P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E K f d A : .   W O R K   S P A C E .   T I i E  I W O P K  4 R R A Y  
C G S   U N I T S  - K 

I S   I N I T I A L I Z E D  R Y  Ttll C A L L  r11 S I J B R O U l I N E  C K I N I T .  
D I M E N S I O N  I W O R K ( " )  AT L E A S 7  L F N I K K .  S E E  C , K I N I T  F O R  
D E T A I L S  ON T H E   R E O U I R E D   L E N G T H   O F   I W O R K .  

I N I T I A L I Z E D  BY TI-!€ C.',I.C T O   S ' J U R O U T ! N €   C K I N I T .  
D I M E N S I O N   W O R K ( * )  A T  L E A S T   L E N W K .   S E E   C K I N I T  & O R  
O E T A I L S   O N   T H E   F E Q U I H E D   L E N G T H  OF H O R K .  

WORK - A R R A Y  O E  R E A L   I N T E R N A ' .  WORK S P A C E .  r : :F  W O R K   A K R A Y  I S  

O U T P U T  
GMS - A R R A Y  OF S T A N D A R D   S T A T E   G I B B S  FREE E N E R G I E S  I N  M4SS 

U N I T S   F O R   T H E   K K   C P E C I E S .  
CG: U N I T S  - E R G S / C M .  
O I Y E N S I O N  G M S ( * )   A T   L E A S T   K K .  

C K H B M L   C K H B M C   C K H B M L   C K H B Y L  C K H B M L   C K H B M L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * a * * * * * * * * * * * * * * *  

* * * * * * + I Y * * * *  

S U B R O U T I N E   C K H B M L   ( T I X T I W O R K , W O R K I H B M L )  

T H I S   S U B R O U T I N E   R E T U R N S  T H E   M O L A R   W E I G H T E D   M E A N   E N T H A L P Y  
OF T H E   M I X T U N E   I N   H O L A k  U N I T S .   R E F E R E N C E   E Q U L T I ' 3 N   ( 1 1 . 4 . 2 2 ) .  

I N P U T  
T - T E M P E R A T U R E .  

x - M O L E   F R A C ' I I C N S   O F   T H E   K K   S P E C I E S .  
C G S   U N I T S  - N O N E .  

C G S   U N I T S  - K 
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D I M E N S I O N  X ( * )  A T   L E A S T   K K .  
I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E V I W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E O   L E N G T H  OF I W D R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I V I T I A L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E Y S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A T L S   O N   T H E   R E O U I R E D   L E N G T H  OF WORK. 

I S  I N I T I A L I Z E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
Y D n L  - M O L A R   W E I G H T E D   M E A N   E N T H A L P Y  I N  M O L A R   U N I T S .  

C G S   U N I T S  - E R G S I H O L E .  

C K H R M S   C K H B M S   C K H B M S   C K H B M S  C K H E M S  C K H B M S  
*************+****************E****** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * S t * * *  

S U @ R O U T I ? ! E   C K H n M S   ( T ? Y , I W O R K I W O R K , H B M S I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M A S S   W E I G H T E D   M E A N   E N T H A L P Y  
OF T H E   M I X T U R E  I N  M A S S   U N I T S .   R E F E R E N C E   E Q U A T I O N   ( 1 1  4.23) 

I N P U T  
T - T E M P E R A T U R E .  

Y - A R R A Y  OF Y A S S   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  

D I M E N S I O N   Y ( * )   A T   L E A S T   K K .  

C G S   U N I T S  - K 

C G S  U N I T S  - NONE.  

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R 9 A Y  

D I H E N S I 0 r . I   I W O R K I * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A . C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E 0  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I Y I T .  

D I M E N S I O ! . I   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   P E O U I R E D   L E N G T H   O F   W O R K .  

I S   I N I T I A L I Z E D  B Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
H E M S  - M A S S   W E I G H T E D   M E A N   E N T H A L P Y   I N   M A S S   U N I T S .  

C G S  U N I T S  - E R G S I G H .  

C K H   M L   C K H M L   C K H M L   C K H M L   C K H M L  C K H M L  
r************************************ 

**********+************E* 
* * * * * * * * * * *+*  

S U B R O U T I N E   C K H M L   ( T y I W O R K * W O R K v H M L l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   E N T H A L P I E S   I N   Y O L A R   U N I T S .  
R E F E R E N C E   E O U A T I O N  ( 1 1  . 4 . 3 ) .  

I N P U T  
T - T E M P E R A T U R E .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I U O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S   C N   T H E   R E P U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A P R A Y   I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E O U I R E C ?   L E N G T H  OF WORK. 

C G S   U N I T S  - K 

I S   I N I T I A L I Z E D  BY T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
HHL - A R R A Y  OF E N T H A L P I E S  I N  M O L A R   U N I T S  FOR T H E   K K   S P E C I E S .  

C G S   U Y l T S  - E R G S / M O L E .  
D I M E N S I O N  HML. ( * I  A T   L E A S T   K K .  

1 3 5  



C K H M S   C K H E S   C K H M S   C K H M S   C K H M S   C K i i H S  
* * * * * * * * * * * * * C * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K H M S   ( T I   I W O R K I W O R K I H M S )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   E N T H A L P I E S   I N   M A S S   U N I T S .  
R E F E R E N C E   E O U A T I O N   ( 1 1 . 4 . 1 4 ) .  

I N P U T  
T - T E M P E R A T U R E .  

I W O F K  - A R R A Y  OF I N T E G E R   ! N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I Y O R K I + 1   A T   L E A S T   L E : i I C ( K .   S E E   C K I l r i l T  F O R  
D E T A I L S   C N   T H E   K E O U J R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U R h O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I 7   F O R  
D E T A I L S   O N   T H E   R E O U 1 P . E D   L E N G T H  OF WORK. 

C G S   U N I T S  - K 

I S   I N I T I I L I L E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
WS - A R R A Y  OF E N T H A L P I E S  I N  M A S S   U N I T S  FOK T H E   K K   S P E C I E S .  

C G S   U N I T S  - E R G S / G M .  
D I M E N S I O N  h " S ( * 1  AT L E A S T   K K .  

C K H O R T   C K H O R T   C K H O K ' T   C K H U R T  C K H   @ R T   C K H O R T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 9 * 9 + 0 * 1 * C * * * $ * + * * * * * * * *  

* * O * * + * * * * * * *  

S U B R O U T I N E   C K H O R T   ( T t I W U R K , W O f ~ k t H O F . I I  

T H I S   S U B R O U T I N E   P E T U R N S   T H E   N O N D I M E N S I O N A L   E N T H A L P I E S .  
R E F E R E N C E   E O U A T I O N  ( 1 1 . 4 . 3 1  OR ( 1 1 . 4 . 7 1 .  

I N  P U T  
T - T E M P E R A T U R E .  

I W O R Y  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A R R A Y  

D I M E N S I O N  I W O R K f * )  A T  L E A S T   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S   C N   T H E  i lEC1JI F F D  L E N G T H  OF I U U R K .  

WORK - A R R A Y  OF R E A L   I N T E R N h L .  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E 0  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOG 
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H   O F   W O R K .  

C G S   U N I T S  - K 

I S   I N I T I A L I Z E D  RY T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

O U T P U T  
H O R T  - A R R A Y  OF N O N D I M E N S I O N A L   E N T H A L P I E S  FOP T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
C I M E N S I O N  H O R T ( * l   A T   L E A S T   K K .  

CK I NDX  CK I N D X   C K  I N D X   C K  I N D X   C K I N D X   C K  I FlOX 
* . + * * * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * 4 *  

+++***+*+*r+**+*++a*t**++ 
************* 

S U B R O U T I N E   C K I N D X  ( I W O R K , W O R K I M M ~ K K ~ I I I L E N E L ~ L E N S Y ~ ~ N F I T ~  

T H I S   S U B R O U T I N E   R E T U R N S  A G R O U P  OF I N D I C E S   D E F I N I N G  THE 
S I Z E  OF T H E   P A R T I C U L A R   R E A C T I O N   M E C ' I A N I S M .  

I N P U T  
I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

I S   I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H   O F   I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W 3 R K   A R R A Y  I S  
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D I M E N S I O N  WORI( . (*I  A T   L E A S T   L E N W K .  S E E  C K I N I T   F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F  WORK. 

O U T P U T  
t ! M  - T O T A L  N U M B E R  O F   E L E M E F i T S  I N  M E C H A N I S M .  
VK - T O T A L  N U M B E R  O F   S P E C I E S  I N  M E C H A N I S M -  
I 1  - T 9 T b . L  N U M B E R  O F   R E P C T I O N S   I N   M E C H A N I S Y .  
L E N E L  - T O T A L   N U Y R E R   O F   A 1   H O L L E R I T H   C H A R A C T E R S   I N   T H E  

L E N S Y Y  - T O T A L   N U V B E R   O F   A 1   H O L L E R I T H   C H A R A C T E R S  I N  T H E  

N F I T  - N U M B E R   O F   C O E F F I C I E N T S   I N   F I T S   T O   T H E Q M O D Y N A M I C  

E L E M E N T   N A M E S .  

S P E C  i ES N A M E S .  

D A T A   F O R   O N E   T E M P E R A T U R E   R A N G E .   N F I T  = N U M B E R  OF 
C O E F F I C I E Y T S   I N   P O L Y N O M I A L   F I T S   T O   C P / R  + 2.  

C K I N I T   C K l N l T   C K I N I T   C K I N I T   C K I N I T   C K I N l T  
* * + 4 * * * * * + + * * ~ ? * * * * + * * * * * * * * * * * * * v * * ?  

* * * . * + + * * ~ + * + * ? * * * + + * * * * *  
* * * * * * ? * * + * ? c  

S U B A O U T I N E   C K I N I T  ~ L ~ ~ I W K ~ L E N W K ~ L I N K ~ L O U T ~ I W O R K ~ ~ ~ l R K I  

T H I S   S U B R O U T I N E   S E R V E S   T O   R E A D   T H E   L I N K I N G   F I L E   A N D  
C R E A T E   T H E   I N T E K F J A L  WORK A R k P Y S ,   I W O R K   A N D   W O R K .  
C K I N I T   M U S T  B E  C A L L E D   B E F O R E   A N Y   O T H E R   C H E M K I N   S U B R O U T I N E  
IS C A L L E D .   T H E  WORK A R R A Y S   M U S T   T H E N  B E  M A D E   A V A I L A B L E  
A S   I N P U T   T O  T H E  O T H E R  C H E Y K I N   S U B R O U T I N E S .  

I N P U T  
L E N I W K  - A C T U A L   D I M E N S I O N  OF T H E   I N T E G E R  WORK AF.RAY9 IWORK.  

T H E   M I N l ' i U M   L E N G T H   O F   I W O R K I * )  I S  CUMPLJTED F R O M  T H E  
F O L L O W I N G   F O R M U L A .  

L E N I W K  = M M * i L E N E L + K K I  + K K * ( L E N S Y M + Z I  + 
I 1  * ( 2 * M A X S P + M A X T R + 4  I + 1 

WHERE-  
MI* = N U H D E R   O F  E L E M E N T S  I N  H f L f t i ~ ' l 1 S H .  
K K  = N U M B E R  OF S P E C I E S  I N  M E C l i A N I S P .  
I 1  = N U M B E R   O F  R E A C T I O N S   I N   H E C I ~ A N I S M .  
L E N E L  = NUMUER f lF  A 1   H O L L E R I l t i   S Y M B O L S  I N  T H E  

E L E M E t J T   N A M E S .   D € F A U L T  I S  L E N E L = Z   U N L C S S  
t t l E   I N T E R P R E T E R  IS C t i A N G t D .  

S P E C I E S  N A M E S .   D E F A U L T  I S  L E N S Y M I l O   I J N L E S S  
. T f t E   I N T E R P K E T L R  IS C H A N G E D .  

M A X S P  = Y A X I Y U M   N U M O E K  O F  S P E C I E S   A L L O W E D  I N  
O N E   R E A C T I O N .   D E F A U L T  I S  H A X S P = 6   U N L E S S  

1;NSYt-i 7 YIJFIOER OF A 1  t l O L L E ~ I l H   S Y M B O L S  I N  T H E  

T H E   I N T E R P R E T E R  IS C H A N G E D .  
M A X T B  E- M A X I I l U M   N U M B E R   O F   E N H A N C E D   T H I R D  BOOIES 

A L L O W E D   I N   O N E   R E A C T I O N .   D E F A U L T  I S  
M A X T B = 6   U N L E 5 S   T H C   ! N T E R P R E T E R  I S  C V A N C E D .  

I F  N O   C t l A N G E S   A R E   M A D E  I N  T H E   I N T E R P R E T E R   T H E   F D R Y U L A  
F O R   L E N I W K  I S -  

L E N I ' d K  = M M * ( 2 + K K l  + K K * ( 1 2 1  + I I h ( 2 2 1  + 1 
L E N W K  - A C T U A L   D I M E N S I O N  Of '  T H E  REAL. W Q R K  A R h A Y ,   W O R K .  

T t l E  M I N I M U M  L F I i G T I i  OF W O R K I + I  IS C O M P U T E D   F R O M   T H E  
F C L L O W I   N G  F O R M I ] '  4 .  

LENWK = h , ,  I K K * ( N C P Z T ? t 8 1  t I I * f Y A X T 9 + 4 )  + 3 
WHERF- 

N C P 2 T 2  = T H E   N U M B E R  3F C O E F F I C I E N T S  I N  ?HE F I T S  
T O   T H E   T t i E R M O D Y N A M I C   P R O P F R T I E S   T I M E S   2 .  
r t i E  D E F A L I L T  IS N C P 2 T 2 = 1 4   U N L E S S   T H E  F O R M  

O F   T H E   T l i E R M O D Y N A M I C   D A T A   B A S E  IS C H A N G E D  
I N  T H E   I f l T E R P R E T E R .  

I F  N O   C H A N G E S   A R E   M A D E  I N  T H E   I N T E R P R E T E R   T H E   F O R M U L A  
F O R   C E N W K  I S- 

L E N W K  = MM + Y K + ( Z Z I  t J1*(13) + 3 
L I N K  - L O G I C A L  F I L E  N U M B E R   F O R   T H E   L 1 N K : N G   F I L E  
L O U T  - O U T P U T  F I L E   F O R   P R I N T E D   E R K O R   M E S S A G E S .  

OU T P U T  
I W G R K  - A R R A Y  O F  INTE!..EC' i N T L 9 P J A L  H0H.K S P C i E .  i Y t :  5 l A R T I h l G  



A D D R E S S E S   F O R   T H E   I W O R K   S P A C E   A R E   S T O R E D  
I N  C O M M C N / C K S T R T / .   S E E   A P P E N D I X  A F O R   T H E   D E T A I L S .  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .  
WORK - A R R A Y   O F   R E A L   I N T E R N A L  W O R K   S P . 4 C E .   T H E   S T A R T I N G  

A D D R E S S E S   F O R   T H E   W O R K   S P A C E   A R E   S T O R E D  
I N  C O M M O N / C K S T R T / .   S E E   A P P E N O l X  A F O R   T H E   D E T A I L S .  

D I M E N S I C N   W O R K ( * )   A T   L E A S T   L E N W K .  

C K I   T R   C K I T R   C K  I T i ?   C K I   T 4   C K  I T R   C K I T R  
****+*+*+*f++t*n**+Lf0*h.0f f0*+*++4*+ 

**+***4*****rh******++*84  

* * * * * * * * * * * * *  
S l l B R O U T I N E   C K I T R   ( I W O R K ~ W O R K . I T H B I I R E V )  

T H I S   S U B R O U T I N E   R E T U R N S  A S E T   O F   F L A G S   I N D I C A T I N G   W H E T H E R  
T H E   R E A C T I O N S   A R E   R E V E R S I B L E  3 R  W H E T H E R   T H E Y   C O N T A I N  
A R P I T R A R Y   T H I R O   @ C n l E S .  

I N P U T  
I W O R K  - A R R A Y  O F  I N T E G E R   I N T F R N A I . .  WORK S P A C E .   T H E   I W O R K  A P R A ' f  

D I M E N S I D W   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S  CFI T H E   R E O I J I R E D   L E N G T H   O F   I U O R K .  

WORK - A R R A Y  OF Q E A L   I N T E F N A L  WORK S P A C E .   T t i E   W O G K  AR?.AY 1 s  
I N I T I A L I L E D  B Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T l l   O F   W n R K .  

I S  I N I l l A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
I T H B  - A R R A Y  OF F L A G S  R F G A h D I N G  T H F E E   9 O D Y   R E : C , T I O N S .  

I T H B (  I I =  - 1  R E A C T I O N  I IS NOT A T H R F L .   B O D Y   R E A C T I O N  
W I T H  ti F O R  T H E   T H I R D   B O D Y .  

I T H B ( I I =  0 R E A C T I O N  I IS A T H R E E  @ O D Y  P E A C T I O N   W I T H  
M A S   T H E   T H I R D   B O D Y ,  81.1: W I l l i  NI' EVHHANCFD 
T H I R D   B O D Y   E F F I C I E N C I E S .  

I T l i B ( I l =  N R E A C T I O N  I :S A T H R E E  BODY R E A C T l l l W  W I T H  
M A S  T H E   T H I Q O   B O D Y t   A N D  I N  A O O I T I O N  
T H E R E   A R E  N S P E C I E S   U I T H   E N H A N C E D   T l ( i R 0  
B O D Y   E F F I C I E N C I E S .  

O I H E N S l C l t 4  I T V f l I * l   A T   1 E A C . T  1 1  

I R E V  - A R R A Y  O F  F L A G S   R E G A R D I N G   T H E   R E V E R S I B I L I T Y   A N G   T H E  
N U M B E R  OF S T O I C H I O M E T R I C   C O E F F l   C I E N T S  OF T H E  I I 
R E A C T  I C N S .  
I R E V (  I l = + N   P E A C T I O N  I IS R E V E I I S I B L E   A N 0   I T   H A S  N 

N O N - Z E Q O  S l D l C H I O M E T H I C  C O E F F I C I E N T S .  
I R E V ( I 1 a - N   R E A C T I O N  I I S  I R R E V E R S I B L E   A N D   I T   H A S  N 

N O N - Z E R O  S T O ! C H l O M E T R I C   C O E F F I C I E N T S .  
D I H F N S I C N   I R E V ( * )   A T   I L E L ' T  I 1  

CKHMWC  CKMHWC  CKHMWC  CKPYWC CkMHWC C K H M M C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * * * * 9 * * * * * * * * *  

************* 
S U B R O U T I N E   C K N M W C   ( C t   I W O R K . W O R K I W T M I  

T H I S   S U B R O l J T I N F   R E T U R N S   T H E   M E A N   N O L t C U L  A R  W E I G H T  O F  T t i E  
G A S   M I X T U R E   G I V E N   T H E   M O L A R   C O N C E N T R A T I O N S .   R E F E R E N C E  
E Q U A T J O N   ( 1 1 . 2 . 5 ) .  

I N P U T  
C - M O L A R   C O N C E N T R A T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - M O L E / C H * * 3  
D I M E k S I O N  C(*l AT L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   H O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N  IWORK(*I A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
I S  I N I T I A L I Z E D  BY T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  
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f 

D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  O f  I W C R K .  

I N I T I A L I Z E D  B Y   T H E   C A L L   T 3   S U B R O U T I N E   C K I N I T .  
D i M F N S I O N   W O R K ( * )   A T   L E A S T   L e N W K .  S E E  C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E 0   L E N G T l i  O F  WORK. 

WORK - A R R A Y  OF R E A L   I N T E k N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

O U T P U T  
WTM - M E A N   M O L E C U L A R   W E I G H T   O F   T H E   S P E C I E S   M I X T U R E .  

C G S   U N I T S  - T,M/MOLE.  

CKMMWX  CKMHWX  CKMMUX  CKMMWX  CKMHWX  CKMMWX 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U B R O U T I N E   C K M M W X   ( X ,   I W O R K t W O R K y W T M )  

T H I S   S U B R O U T I N E   R E T U S N S   T H E   M E A N   M O L E C U L A R   W E I G H T  OF T H E  
G A S   M I X T U R E   G I V E N   T H E   M O L E   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  
! I 1  -2.4). 

I ! I  P U T  
x - M O L E   F h A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - N O N E .  
D I H E N S I O N  X ( * )  A T   L E A S T   K K .  

I W O R K  - ARRA' f  O F  I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  
I S  I Q I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O I M E N S I O N   I W U P ~ . . l * l   A T   L E A S T   L E N I W K .   S E E  C K I N i T  FOR 
D E T A I L S   O N   T H E   R E W I R E D   L E N G T H   O F  I W O R K .  

I N I T I A L I Z E D  B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N  W O R K ( * )   A T   L E A S T  LENWK. S E E   C K I N I T  FOR 
D E T A I L S   C N  THE G E O U I R E D   L E N G T H   O F   W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E k N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

O U T P U T  
K T M  - H E A N   M O i . F C U I . A R   W E I G H T  O F  T H E   S P E C I E S   P I X T U K E .  

C G S  U N I T S  - G M / M D L E .  

CKMMWY  CKYMHY  CKMMWY C Kt4 YWY CKMMWY  CKMYWY 
+ t O + f * b * + C + * * * t * * * * + * ~ * * C t + * 0 4 + *  

O d Q * * + S t * * + * * * * f 0 * 0 * * * t * *  

* * v 9 * * * * * * * * *  

S U R R O U T I N E   C K M Y W Y   ( Y . I W O R K y W O R K y W T M I  

T H I S   S L S R O U T I N E   R E T U R N S  THE M E A N   M O L E C U L A R   W E I G H T  OF ? l i E  
G A S   M I X T U R E   G I V E N   T P E  M A S S  F K A C T I O N S .   R E F E R E N C E   E Q U A T I O N  
( 1 1 . 2 . 2 1  

I N P U T  
Y - ARRAY OF M A S S   F R A C T I O N S  3F  T H E   K K   S P E C I E S .  

C G S  U N I T S  - N O N E .  
D I M E h S I C l N  Y ( * )  A T   L E A S T   K K .  

I W D R K  - A C R 4 Y  O F  I N T E G E R   1 N T E P . N A L   U O R K   S P A C E .   T H E   I W O R K   A R R A Y  
I S  I N I T I A L I Z E D   9 Y   T H E   C A L L   T O   S U B R f l U T l N E   C K I N I T .  

C I M E N S I O N   I W O F K ( * )   A T   L E A S T   C E N I W K .   S E E   C K ! N I T  FOR 
D E T A I L S   O N  THE R E Q U I R E D   L E N G T H  OF IWORK. 

WORK - A R R A Y  OF R E A L   I N T E E N A C  WORK  SPACE.  T H E  W O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M F N S I O N   W O R K ( * )   A T   L E A S T   L E N H K .  S E E  C K I N I T   F O R  
D E T A I L S  ON T H E  P E Q U I R E D   L E N G T H   O F  WORK. 
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C K N C F   C K N C F   C K N C F   C K N C F   C K N C F   C K N C F  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

*********<\*** 
S U B R O U T   I N €   C K N C F  (E1’3)IMv I W O R K , W O R K , N C F !  

T H I S   S U B k O U T I N E   R E T U R N S   T H E   E L E M E ’ i T A L   C O M P O S I T I O N   O F   T H E  
S P E C I E S .  

I N P U T  
r ( D I M  - A C T I J A L   f . ! E S T   D I M E N S I O N  OF T W O   D I M E N S I O N A L   A R R A Y .  

M D l M  Y U S T  BE G R E A T E R .   T H A N  OK E O ( J A L   T O   T H E   T O T A L  
N U M B E R  OF E L E M E N T S ,  M M .  

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  
IS I N I T I A L I Z E D  HY T t i f  C A L L  T O  S U R R O U T I N E   C K I N I T .  
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D E T A I L S   O N   T H E   K E U U I K E D   L E N C l H  OF K O R K .  

IS INITIALIZED B Y  THE C A L L  TO SUBROUTINE CKINIT. 

O U T P U T  
FtOP - A R R A Y  O F  K A l E  OF P R O G R E S S   V A R I A B L E S  F O R  T H E   I 1  

R E A C T   I O N S .  
C G S  U N I T S  - M l J L E S / l C M * * 3 * S E C  I .  
O I H E N S : @ N   R O P ( * l   A T   L E A S T  11. 
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C K O Y R   C K Q Y R   C K O Y R  CKOYP, C K O Y R   C K Q Y R  
* * * * r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S l I B R O U T l N E   C K P Y R  ( R H O I T , Y , I U ~ R K I W O R K I R O P )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   R A T E  OF P R O G R E S S   V A 2 I A R L E S  F C %  
T H E   R E A C T I O N S   G I V E N   M A S S   D E b i S I T Y t   T E M P E R A T U R E   A N D   Y A S S  
F R A C T I O N S .   R E F E G F N C E   E Q U A T I O N S  (Li.5.41 A N D  ( 1 1 . 5 . 1 1 1 .  

I N P U T  
R H O  - M A S S  D E N S I T Y .  

T - T E Y P E R A T U R E .  

Y - A R R A Y  OF Y A S S   F R A C T   I O N S  O F  T H E   k K   S P E C I E S .  

D I Y E N S I O N   Y t z )   A T   L E A S T  K K .  

C L S   U N I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  

I U Q R K  - A R R A Y  OF I Y T E G E R   I N T E R N A L  W O R K   S P A C E .   T t i E   I W O R K   A Q R A Y  

D I M E N S I O N  I W O R K ( * )  A T   L E A S T   L E N I W K .   S E E   C K l N l T   F O R  
D E T A l L S   O N   T H E   R E O U I P . E O   L E N G T H  O F  I W O R K .  

I N I T I A L !  : E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FCJR 
D E T A I L S   O N   T H E   h E Q U I R E O   L E N G T H  i l F  WORK. 

IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E  W O R K   A P R A Y  IS 

O U T P U T  
R O P  - A R R A Y  OF R A T E   O F   P R O G R E S S   V L R I A B L E S   F O R   T H E  I I  

R E A C T I G N S .  
C G S  U N I T S  - M O L E S / ( C M * * 3 * S E C  1 .  
D I M E N S I O N  R O P ( * )   A T   L E A S T  1 1 .  

C K R   H O C   C K R H D C   C K Q H O C   C K R   H O C   C I ( F . H O C   C K R H O C  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ * * * * * * * * * * * *  

S U R R O U T I N E   C K H H U C   ( P , T , C I I W O R K I H O R K I R H ~ ~  

T H I S  S I J 1 I R O U : I N E   F E T U R N S   T l i E  MPSS D E N S I T Y  OF T H E   G A S   M I X T t J k E  
G I V E N   T " E  P R F S S l l F C ,  T S E P E R h T I J R E  LND F O C A R   C O ; K E N T R A T I O N S .  
R E F E R E & < , €   E O U A T I 0 I . I  [ I I . 2 . ? 1 .  

I N P U T  
P - P R E S S I J O C .  

T - T E M P E R A T I I R E .  

C - M O L A R   2 0 h C E N T R b T I O N S  OF T H E   K K   S P E C I E S .  

C G S  J l T S  - C Y N E S / C H * * 2 .  

C G S  U N I T S  - K 

C G S  U N I T S  - M O L E / C Y * * 3  
D I M E N S I O N  C ( * l  A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T F R N A L  W O R K   S P A C E .   T H E   i W O R K   A R R A Y  

D I Y E N S I O N   I W O R K ( + I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N  THF f i E O U l R E O   L E N G T H  OF !'r!C%K. 

I N I T l A C I Z E O   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N U K .   S E E   C K I N I T  F-02 
D E T A I L S  O N  T H E   R E O U I R E D   L E N G T H  OF WORK. 

I S  I N I T I A L I Z E D  RY T t l E  C A L L   T O   S 1 . 1 0 R 9 U T I N E   C K I N I T .  

WORK - A R R A Y  ILIF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 

O U T P l J T  
R H O  - M A S S   D F N S I T Y .  

C G S   U P I I T S  - G M / C H * * 3 .  

. 
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C K R H O X   C K R H O X   C K R H O X   C K R   H O X   C K R H O X   C K R H O X  
*************a*********************** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K R H O X   ( P t ' T , X , I W O R K ~ W O R K ~ R H O )  

T H I S  S U S R O U T I N E   R E T U R N S   T H E   M A S S   D E N S I T Y  OF T H E   G A S   M I X T U R E  
G I V E N   T H E   P R E S S U P . E *   T E M P E R A T U R E   A N D  MO1.E F R A C T I Q N S .  
R E F E R E N C E   E Q U A T I O N   ( 1 1 . 2 . 2 ) .  

I N P U T  
P - P R E S S U R E .  

T - T E M P E P A T U R E .  

X - M O L E   F R A C T I O N S  OF 1HC K K   S P E C I L S .  

C G S   U N I T S  - O Y N E S / C M * * Z .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N  X I * )  A T  L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R  1NTERP;LL   WORK  SPACE.   THE  IWORK 4R';-'i'.' 
IS I N I T I A L I Z E 0  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N l T -  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .  S E E  C K i i . ( J T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L F N G T H  OF I W O R K .  

WORK - A R R b Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y   I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I Y E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T  FOA 
D E T A I L S  CN T H E  R E W I R E D  L E N G T H  OF WOKk. 

O U T P U T  
R H O  - M A S S   D E N S I T Y .  

C G S   U N I T S  - G H / C M * * 3 .  

C K R H O Y   C K R H O Y   C K K H O Y   C K R H O Y   C K R H O Y  c wq m y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * *  
S U O R O U T I N E   C K Q H O Y   ( P , T , Y ~ ~ W O R K , W O R K I R H O )  

I N P U T  
P - P R E S S I I R E .  

T - T E M P E R A T U R E .  

Y - A R R A Y  OF M A S S   F R A C T I O N S  O f  T H E   K K   S P E C I E S .  

C G S   U N I T S  - D Y N E S / C M * * Z .  

C G S   U N I T S  - K 

CGS U N I T S  - N O N E .  
D I M E N S T O N   Y ( * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K  AP.RAY 

D I M E N S I O N   I h ' O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F 3 R  
D E T A I L S   O N   T H E   F t E O U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I L E b   B Y   T H E   C A L L   T O   S U O R O U T I N E   C K I N I T .  

D I M E N S I C ? !   W O R K ( + )  AT L E A S T   L E N W K .   S E E   C K I N I T  F O R  
D E T A I L S  CN THE R E Q U I R E D   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S I I R Q O U T I N E   C K I N I T .  

, O U T P U T  
RHO - M A S S   D E N S I T Y .  

C G S   U N I T S  - G M / C M * * 3 .  



. 

C K R P   C K R  P C K R P   C K R  P C K ?  P 
*++n*r***r+f*++*++++******** 

9 9 4 * * * * * + * * * * * * * * * * * * * * * *  

************* 
S U R R O U T I N E   C K R P  ( I W O R K , W C F , K I R U , R U C ~ P A )  

T H I S   S U B R O U T I N E   R E T U R N S   U N I V E R S A L   G A S   C O N S T A N T S   A N D  T H E  
P R E S S U R E  OF O N E   S T A N D A R D   A T M O S P H E R E .  

C K R  P 

I N P U T  
I W O R K  

WORK 

O U T P U T  
R U  

R U C  

P A  

C K S  AC 

- A R R A Y  O F  I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M F N S I O N   W O R K i . + )   A T   L E A S T   L E N W Y , .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H  OF WORK. 

IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

- A R R A Y  O F  R E A L   I N T E R N A L  W O R K   S P A C E .   T H E  WORK A R R A Y  I S  

- U N I V E R S A L   G A S   C O N S T A N T .  

- I J N I V E R S A L   G A S   C O N S T A N T   U S E D   O N L Y   I N   C O N J U C T I O N   W I T H  
C G S  U N I T S  - 8 . 3 1 4 E 7   E R G S / ( M O L E * K I  

A C T I V A T I O N   E N E R G Y .  
P R E F E A R E D   U N I T S  - 1 . 9 8 7  C A L / ( M O L E * K J .  - P R E S S U G E  O F  O N E   S T A N D A R D   A T M O S P H E R E .  
C G S   U U I T S  - 1 . 0 1 3 2 5 E 6   D Y N E S / C M * * 2  

S U B R O U T I N E   C K S A C  I T t C . K D I M , I W O R K ~ W O R K t D W K D A I ~  

T H I S   S U B R U J U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V C S   O F   T H E   M O L 4 9  
P R O O U C T I O N   R A T E S  OF T H E   S P E C I E S   ! - I I T H   R E S P E C T  TO T H E   P R E -  
E X P O N E N T I A L   C O N S T C N T S   O F   T H E   R F A C T I C N S   G I V E N   T E M P E R A T U R E   A N D  
M O L A R   C O N C E N T R A T I O N S .   R E F E R E N C E   E Q U A T I O N  ( 1 1 . 1 1 . 3 ) .  

I N P U T  
T - T E M P E R A T U R E .  

5 - M O L A R   C O N C E N T R & T I G N S  OF T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S   U N I T S  - H O L E / C M * * 3  
D I M F N S I O N  C ( * 1  A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N  OF T W O   D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T   B E   G R E A T E R   T H A N   O R   E O U A L   T O   T H E   T O T A L  
I4:JMBER O F  S P E C l E S t   K K .  

I W O R K  - A R R A Y  OK I N T E G E R   I N T E R F I A L  W O R K   S P A C E .   T H E   I W O K K   A R R A Y  

D I M E N S I O N   I H O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N l T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   l . E N G T I ?   O F   I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L   W 3 R K   S P A C E .   T H E   W O R K   A R R A Y  IS 

! 5  I N I T ! A L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

I N I T I A L I L t O  BY T H E   C A L L   T U   S U B R O U T I N E   C K I N I T .  
D I M E N S 1 D t . I   W O R K ( * )   A T   L E A S T   L E N K K .  S E E   C K I N I T  Fori 
D E T A I L S   C N   T H E   R E O U I R E D   L f N G T H   O F  WORK. 

O U T P U T  
3 W K D A I  - M A T R I X  OF P A R T I A L   D E R I V A T I V E S  O F  T H E   M O L A R   P R O D U C T I O N  

R A T E S  OF T H E   K K   S P E C I E S   W I T H   Q E S P E C T   T O   T H E   P R E -  
E X P O N E N T I A L   C O N S T A N T S  O F  T H E  I 1  R E A C T I O N S .   O W K D A I  

P R O D U C T I O N   R A T E  OF S P E C I E S  K W I T H   R E S P E C T   T O   T H E  
P R E - E X P C N E N T I A L   C O N S T A N T  O F  K E A C T I O N  I. 

( K . 1 1  I S  T H E   P A R T I A L   D E R I V A T I V E  OF T H E   H O L A k  

C G S   U N I T S  - D E P E N D S   O N   R E A C T I O N  

F I R S T   D I M E N S I O N   A N D   A T  L E A S T  I 1  FOR T H E   S E C C N D .  
D I M E N S I O N   D W K D A I ( K D I M t * )   E X A C T L Y   D K I M  FOR T H E  
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C K S A X P   C K S A X P   C K S A X P   C K S A X P   C K S A X P   C K S A X P  
************a************************ 

* * * *+* * * *+* * * * * * * *~+* * * * *  
* * * * * * * * * * * * *  

S U B R O U T I N C   i K S A X P  l ~ ~ T ~ X ~ K D I M ~ I W O R K , W O ~ K ~ D W K D A l l  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  O F  T H E   M O L A R  
P K O D U C T I O N   R A T E S  ClF T H E   S P E C I E S   W I T H   R E S P E C T   T O   T H E   P R E -  

T E M P E R A T U R E   A N D   M C C F   F R A C T I O N S .   Q E F E R E N C E   C O U A T I O N  1 1 1 . 1 1 . 3 1 .  
E X P O N E N T I A L   C O N S T A N T S  OF T H E   R E A C T I O N S   G I V E N   P G E S S U R E ,  

I N F U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F R A C T l t N S   O F   T H E   K K   5 P E C I E S .  

C G S   U N I T S  - D Y N E S / C I 4 * * 2 .  

C G 3  U N I T S  - !( 

C G S   U N I T S  - NCINE. 
D I H E N S l L ? N  X I * )  A T   L E A S T  K K .  

K O I M  - A C T U A L   F I R S T  D I M E N S I O N  O F   T W O   D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T   H E   G R E A T E R   T H A N  OR E P U A L   T O   T H E   T O T A L  
N U M B E R  3 F  S P E C I E S ,   K K .  

IS I N I T I A L I Z E 0   B Y  T H E  C A L L  1'0 S U H R O U T I W E   C K I N I T .  
I W O R K  - A R R A Y  O F  I N T E G E R   1 N T E R N P t  WORK. S P A C E .   T H E  I W O R K  A Q Q A Y  

D I M E N S I O N   I W O R K l * l  A T  L E A S T   L E N I W K .   S E E   C K I M I T  F 3 E  
@ E T A   I L S   n N   T H E  REQLJIQ€[I  L C N G T H   3 F  IWORK.  

I N I T I A L I Z E D  YY I t t E  C A L L   T i l   S l J B R O U T I N E   C X I N I T .  

D E T A J L S  YN Id f :  P E O U I + F I )  I . E N G T H  OF ' JORK.  

WORK - A R R A Y  OF- R € A L   I Y T E R N A L  4 0 R K  S P A C E .  ? H E  WORK A R R A Y  I S  

D I M E N S I O N   W O R K ( - I   A T   L . F A S T   L E N W K .   S E E   C K I N I T  FrJR 

C K S A X R   C K S A X R   C K S A X R  C Y S A X R  C K S A X Y   C Y S b X R  
* * * * * * 4 * * * * * * * * * v * * o * * v . * * I * * * * * * * * * * * *  

* * * * * * * * * * * * * * * r * * * + * * V * *  
r*9*********w 

S U B R O U T I N E   C K S A X R  l R H O , T , X ~ K T ) I M ~ I L . ! I l R K ~ W O R K r U W l i D A I I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R  
P R O D U C T I O N   H A T E S  O F  T H E   S P E C I E S   W I T H   P E S P E C T  TU T H E  P R E -  

T E M P E R A T l J R E   A N D   M O L E   F R A C T I O N T , .   R E F F R E N C E   E Q U b T I O N  i i i . i i . 3 i .  
E X P O N E N T l A L   C O N S T A N T S  OF T ' I E   R E A C T 1 I ) N S  G ' V E Y  M A S S  D E N S I T Y ,  

I N P U T  
RH0 - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

X - M O L E   F F A C T I C I P J S  OF T H E  K K   S P E C I E S .  

C G S   U N I T S  - G M / C t ' * * 3 .  

C G S  U N I T S  - K 

C G S   U V l T S  - N O N E .  
D I M E N S I C I N   X ( * ,   A T   L E A S T   K K .  

K O I M  - A C T U A L   F I R S T   D I M E N S I O N  OF T H D   D I H E N S I D N A L   A R R 4 Y .  
K O I M   M U S T   B E   G R E A T E R   T H A N  OR E O U A L   T O   T H E   T O T A L  
N U M B E R  OF S P k C I E S v   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E  I W O R K  A R R A Y  
IS I N I T I 4 L I Z E O   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O ! H F N S 1 0 N  I W O R K ( * I  A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H   O F   I C I O R K .  

I N I T I A L I Z E D   B Y   T H E   C A L L  TI1 I ; 1 1 8 R U \ I T t N E   C K I N I T .  
WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E  WORK A R R A Y  IS 



D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H   O F  WORK. 

O U T P U T  
D W K D A I  - M A T R I X  OF P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R   P R O D U C T I O N  

R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O   T H E   P 9 ‘ c -  
E X P O N E N T I A L   C O N S T A N T S  O F  T H E  I 1  R E A C T I O N S .   D W K D A I  

P R O D U C T I O N   R A T E   O F   S P E C I E S  K W I T H   R E S P E C T  T O  T H E  
P R E - E X P O N E N T I A L   C O N S T A N T  O F  R E A C T I O N  I. 

( K v I I  IS T H E   P A R T I A L   D E R I V A T I V E   O F   T H E   M O L A R  

C G S   U N I T S  - D E P E N D S   O N   R E A C T I O N  
D I M E N S I O N   O W K D A I ( K D I M , * I   E X A C T L Y   D K I M  FOR T H E  
F I R S T   D I M E N S I O N   A N 0   A T   L E A S T  I 1  F O R   T H E   S E C O N D .  

C K S A Y P   C K S A Y  P C K S A Y P   C K S A Y P   C K S A Y F   C K S A Y P  
+**+*lf*******+********************** 

* * * * * * * * * * * * 4 * * * * * * * * * * * *  

***+********* 
Sl!BR!3UT!,LJE C K S A Y P  ( P ~ T v Y ~ K U I M v I W O R K , W O R K t D W K D A I  I 

T H I S   S l J B R O U T i N E   R E T U R N S   T H E   P P R T I A L   D E R I V A T I V E S  OF T H E  M O L A R  
P R O D U C T I O N   R A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T   T O  THE P R E -  

T E M P E R A T U R E   A N D   Y A S S   F R A C T I O N S .   P . E F E R E N C E   E Q U A T   I O N  (I I . 1 1 . 3 1 .  
E X P O N E N T I A L   C O N S T A N T S  OF T H E   R E A C T I O N S   G I V E N   P R E S S U R E ,  

I N   P U T  
P - P R E S S U R E .  

T - T E M P E P A T U R E .  
C G S   U N I T S  - O Y N E S / C H * * Z .  

C G S   U N I T S  - K 
Y - A R R A Y   O F   M A S S   F R A C T I O N S  OF T H E   K K   S P E C I E S  

C G S  U N I T S  - N O N E .  
D I Y E N S I O N  Y ( * l   A T   L E A S T   K K .  

K D I V  - A C T U A L   F I h S T   D I H E N S I O N   O F   T W C   D I M E N S I O N A L   A R R A Y .  
K D I M   Y U S T  B E  G R E A T E R   T H A N  O R  E Q U A L   T O  T H E  T O T A L  
N U H E E S  OF S P E C I E S ,   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I H t N S I O N   I W O R K ( * t   A T   L E A S T   L E N I W K .   S E E   C K I N l T  F O R  
D E T A I L S  O N   T H E   R E W I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

IS I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
D W K D A I  - M A T R I X  OF P A R T I A L   D € R I V A T I V E S  OF T H E   M O L A R   P R O D U C T ” 3 N  

R A T E S   O F   T H E   K K   S P E C I E S   W I T Y   R E S P E C T  T O  T H E   P R E -  
E X P O N E N T I A L   C O N S T A N T S   D F   T H E  I 1  R E A C T I O N S .   D W K O A I  
( K . 1 1  IS T H E   P A R T I A L   D E R I V A T I V E  OF T H E   M O L A R  
P R O D U C T I O N   K A T E  OF S P E C I E S  K W I T H   R E S P E C T   T O   T H E  
P R E - E X P O N E N T I A L   C O N S T A N T  OF ‘ I E A C T I O N  I .  

C G S   U h l I T S  - D E P E N D S   O N   R E A C T I O N  

F I R S T   D I M E N S I O N   A N D   A T   L E A S T  I I F O R   T H F   S E C O N D .  
D I H E N S I O N   D W K D A I ( K D I H v * t   E X A C T L Y   D K I M   F O R   T H E  

C K S A Y R   C K Z A Y R   C K S A Y R   C K S A Y R   C K S A Y Q   C K S A Y R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

************* 
S t i B R O U T I N E   C K S A Y R  ~ R H O ~ T ~ Y ~ K O I M ~ I W O R K ~ W O R K ~ D W K D A I I  

T H I S   S U B R O U T I W E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E   M O L A R  
P R O D U C T I O N   R A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T  70 T H E   P R E -  
E X P 0 N r : N T I A L   C O N S T b N T S  OF T H E   R E A C T I O N S   G I V E N  M A S S  D E N S I T Y c  
T E M P E A A T I I R E   A N 0   Y A S S   F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N   ( I I . 1 1 . 3 1 .  

I N P U T  
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R H O  - M A S S   D E N S I T Y .  

T - T E Y P k K A T U R E .  

Y - A R R A Y   O F   M A S S   F R A C T I O N S  OF THE K K   S P E C I E S .  . 

i C , S  U N I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N  Y ( * )  A T   L E A S T   K K .  

K D I M  - A C I U A L   F I R S T   D I H E N S l O N   O F  TWO D I M E N S I O N A L   A R R A Y .  
K D I H   Y U S T  BF G R E A T E R   T H A W  OR E O U A L   T O   T H E   T O T A L  
N U M B E R  OF S P E C I E S .   X K .  

I W O R K  - A R R A Y  @ F  I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I H O R K   A R E A Y  

D I M E N S I O N   I W O H K ( * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T A I L S   C N  THE R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WfJRk S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A C I Z F D  t3Y T H E   C A L L  T O  S U B R O U T I N E   C K I N I T .  

IS I N I T I A L I L E D  8 Y  T H E  C A L L   T O   S I J B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   C E W W K : .  S E E   C K I N I T   F O R  
D E T A I L S  ON T H E   R E Q I J I R E I ?   L E N C - T b i  OF WOkV,. 

O U T P U T  
D W K D A I  - M A T R I X  OF P L H T I A L   D E R I V A T I V E S   O F   T H E   M ’ J L A R   D R O D U C T I O N  

R A T E S  OF T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O  T H E  P R E -  
E X P O N E N T I A L   C O N S T A N T S  OF T H E  I 1  R E A C T I O N S .   D W K D A I  
( K , I l  I S  T H E   P A R T I A L   D E R I V A T I V E   O F   T H E   M O L A R  
P K O D U C T I U N   R A T E  r)F S P E C I E S  K W I T H  R E S P E C T   T O   T H E  
P R E - E X P f i Y € N T  I B L   C G N S T A N T  Of: R E A C T   I O N  I .  

C G S   U N l T S  - D E P F N D S  Oh( R E A C T I O N  
D I M E N S I O N  D V K O A I ( K . D J ? - ’ . + I  E X A C T L Y   D K I ”  FUR THE 
F I R S T   D I M E N S I O N   A N D  A; L E A S :  1 1  FOR T H E   S E C O N D .  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L .   D F K I V A l I V t S  C‘F M 0 1 4 R  
P R O D U C T I O N   R A T E S  OF T H E  S P E C I E S   W l l H   R t S F E C T  T O  I t + €  
T E M 3 E R A T U R E   E X P O N E t J T S  O F  1 H t  R C A C T  IilNS C IVEN 1 ’ E M P E P . b T U H E  
A N D   M O L C I R   C O N C E N T X A T I O N S .   F E F E F F M C E   T O I J A T I C N  ( l i . l l . ‘ t ) .  

I N P U T  
T - T E M P E R A T U R E .  

C - M O L A R   C O N C E N T R A T I O N S   O F   T H E  Kic S P E C I E ! .  
C G S   U N I T S  - K 

C G S   U N I T S  - M O L E / C M * * 3  
D I M F N S I O N  C ( * l  A T   L E A S T   K K .  

K D I H  - A C T U A L   F I R S T  D I P E N S I O N  PF T W O  O I M E N S i O P ~ A L   P F R A Y .  
K D I M   M U S T  B E  G P . E A T E R   T h A V  0 9  E O U A L  T @  T H E   T O T A L  
N U M B E R   P F   S F E C I E S I   K K .  

I W O R K  - A R R A Y  O F  I N T E G F G   I N T E R N A L  WORK S P A C E .   T H E   I W O R K  ARH.AY 

D I M E N S I O N   I W O R K I * I   A T   L E A S T   L E N I W K .  S E E  C K l N l T   F O R  
D E T A I L S   O N   T H E  F E O I J I R E - D  L F N G ’ T I 1  OF IWFQK. 

I N I T I A L I L E D   B Y  THE C A L L  T O  S U B R O U T I N E   C K I N I T .  

D E T A I L S   C N   T H E  H F O V I R E D  L E N G T H  OF W O P K .  

I S  I N I T I A L I Z E D  BY THE C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .  T H E  W O F K   A R R A Y  I S  

DIMENSIGN KIRK(*) A T  L E A S T  L E N W K .  S E E  c r . 1 ~ 1 ~  FOR 

O U T P ’ J T  
DWKDBI - MATRIX OF P A R T I A L  DERIVATIVES OF r t + E  M O L A R  PRODUCTION 

R A T E S   O F  T H E  K K   S P E C I E S   H I T H   P E S P E C T   T O  ;HE 
T E M P E R A T U R E   E X P D N E N T  I N  T t i E   R A T E   C O N S T A N T S   O F   T H E  I 1  

O F  T H E   P R O D U C T I O N   R A T E  OF S P E C I E S  h: W I T H   R F S P E C T  
TO T H E   T F M P E R A T U R E   E X P D N E N T  OF R E A C T I O N  I .  

R E A C T I O N S .   D W K D B I ( K q I 1  IS T H F  P A R T I A L   D E R I V A T I V E  

C G S   U N I T S  - D E P E F I D S  ON R E A C T I O N  

F I R S T   D I M E N S I O N   A N U   A T   L E A S T  I 1  FOR THE S E C O N D .  
D I M E N S I O N   D W K D B I ( K D I M q * )   E X A C T L Y   K D I M  FOR T H E  

150 



C K S   B M L   C K S B M L   C K S B M L   C K S   B M L   C K S B H L   C K S B M L  
***********1************************* 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U B R O U T I N E   Z K S @ M L   ( T ~ X ~ I W O R K ~ W O R K , S B M L I  

T H I S   S ( J B R 0 U T I N E   R E T U R N S   T H E   M O L A R   W E I G H T E D   H E A N   S T A N D A R D   S T A T E  
E N T R O P Y  O F  T H E   M I X T U R E   i N   M O L A R   U N I T S .   R E F E R E N C E  E O .  ( 1 1 . 4 - 2 4 )  

1 N P U T  
T - T E M P E R A T U R E .  

X - H O L E   F R A C T I O N S  OF T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O F . 1  X ( * )  A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  
I S  I N I T I h L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E V S S I O N   I W D R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T  f 3 R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WCJRK S P A C E .   T H E   W O R K   A R R A Y  I S  
INITIALIZED B y  T H E  C A L L  T O  SUBROUTINE CKINIT. 

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T  FOR 
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T f 4  OF W O R K .  

O U T P U T  
S @ M L  - M O L A R   W E I G k i T E O   M E A N   S T A N D A R D   S T A T E   E N T R O P Y  I N  M O L A R  

U Y I T S .  
C G S   U N I T S  - E R G S / ( M O L E * K I *  

C K S B M S   C K S B M S   C K S S M S   C K S B M S   C K S B M S   t K S R M S  
***n*******t**r**********n*********** 

*******************u***** 
*********** . **  

S U E R O U T I N E   i K S B M S   ( T I Y ,   I W O R K , W O R K , S B M S i  

T H I S   S U R R O U T I ’ J F   R E T U R N S   T H E   M A S S   w E I G b ! T E D   M E A N   S i A N D A R D   S T A T E  
E N T R O P Y  O F  I H E  M I X T U R E   I N   M A S S   U N I T S .   R E F E R E N C E   E O .  ( 1 1 . 4 . 2 5 1  

I N P U T  
T - T E M P E R A T U R E .  

C G S   U Y I T S  - K 
Y - A R R A Y  O F  M A S S   F R A C T I O N S  3 F  T H E   K K   S P E C I E S .  

C G S   U N 1 7 S  - N O N E .  
D I M E N S I n N  Y l  * I  A T   L E A S T   K K .  

I U O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L   M O R K   S P A C E .   T H E   I H O R K   A R R A Y  

D I M E N S I O N   I W O R K I * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
O E T A i L S   O N   T H E   R E O U I R E O   L E N G T H  O F  I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
1 N I T I A L : Z E D  R Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I Y E N S I C N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

I S  I N I T I A L I Z E D   B Y  THE C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U   T P U T  
S R Y S  - M A S S  W E I G H T E D   M E A N   S T A N D A R D   S l A T L   E N T R O P Y  I N  M A S S  

U N I   T S .  
C G S  U N I T S  - E R G S / ( G M * K I .  
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C K S B X P   C K S B X P   C K S B X P   C K S R X P   C K S B X P   C K S B X D  
*************I***************~~****** 

****+**+* .***************  
* * * * e * * * * * * * *  

S U B R O U T I N E   C K S B X P  ( P r T l X l F O I M t   I W O R K t W O R K t D W K D B l  I 

T H I S  S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  
P R O O U C T I O N   S A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T  T O  T H E  
T E M P E R P . T U R C   E X P O N E N T S  OF T H E   R E A C T I O N S   G I V E N   P R E S S U R E I  
T E M P E R A T C Z E   A N D   M O L E   F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  ( 1 1  ~11.4) * 

I N P U T  
? - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - HOLE F R A C T I G N S  OF T H E  N N  S P E C I E S .  

C G S   U N I T S  - O Y N E S / C M * * 2 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N  X ( * )  A T  L E A S T   K K .  

K D I M  - A C T U A L  F I R S T  D I M E N S I O N  OF TWO D I M E N S I O N A L   A R R A Y .  
K D l M   M U S T  BF G R E A T E R   ? H A N  UP E O U A L  T O  THE T O T A L  
N U M B E R   O F   S P E C I E S v   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .  T H E  i ' 4 r : K  A R R A Y  

D I M E N S I O N   I W O R K ( * I  A T  L E A S T   L E N I W K .   S E E   C K I N I T  FU!{ 
D E T A I L S   O N   T H E   R E O U I R E O   L E N G T H  OF I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .  T H E  WORK  ARRAY I S  

IS I N I T 1 4 L I L E D   B Y   T H E   C A L L  T O  S U B K O U T I N E   C . K I I \ I l T .  

INITIALIZED ay T H E  C A L L  T O  SUBROUTINE CKINIT. 
D I H E N S ! O N   W @ R K I * )  b i  L E k S T  L E N W K .  S E E   C K I t d I T  FOR 
D E T A I L S   C N   T H E   F E 2 U l P . E D   L E F I G T H  OF J O R K .  

O U T P U T  
D W K D B I  - M A T R I X   O F   P P R ? I A L   D E R I V A T I V E S  OF. T H E   H O L A R   P R D O L J C T I O N  . -~~ 

R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  T O  T t i E  
T E M P E R A T U R E   E X P O N E N T   I N  T H E  R A T E  C O N S T h N T S  O F  T H E  I I  
R E A C T I O N S .   D W K D B I ( K , I )   I S   T H E   P A R T I A L   D E R I V A T I V E  
OF T H E  P R O O U C T I O N   R A T E  OF S P € C I E S  K W l T H   R E S P E C T  
TO T H E   T E M P E R A T U R E   E X P O N E N T  OF R E A C T I O N  1 .  

C G S   U N I T S  - D E P E N D S   O N   R E A C T I O N  
D I M E N S I O N   D W K D B l ( K D l M , * )   E X A L T L Y   K O L M  FIJP T H E  
F I R S T   D I M E N S I n N   A N D  A T  L E A S T  1 1  F O K  T t l E  S E C O N O .  

C K S B X R   C K S B X P   C K S U X R   C K S B X R   L K S B X R   C K S I i X R  
* * * * * * * * * * * * * * * * * 4 * + * * * * * * * * * * * * * * * * *  

* * * * * * * + * * * * C * C * * + * * * * * * *  

++*+***I+**** 

S U B R O U T I N E  C K S B X R  ( R H O , T I X I K D I N , I W O F , ~ , W O R K , D W K ~ ~ I )  

T H I S  S U B R O U T I N E   R E T U R N S   T Y E   P A R T I A L   D E R I V A T I V E S   O F   T H E  MOLAW 
P R O D U C T I O N   R A T E S  OF T H E   S P E C I E S  H i T H  R E S P E C T  T O  T H E  
T E M P E R A T U R E   E X P C N E N T S  OF T H E  Q . E A C ? I : ? N S   G I V E N   M A S S   D E N S I T Y ,  
T E M P E R A T U R E   A N D  HOLE F R A C T I O N S .   R E F E R E N C E   E O l J A T I O N  ( 1 1 . 1 1 . 4 1 .  

I N P U T  
RI-IO - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

X - M O L E   F H A C T ! U N S  OF T H E  K K  S P E C I E S .  

C G S  U N I T S  - G M / C M s * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D 1 : I E N S I O N   X ( * )   A T   L E A S T   K K .  

K D I M  - A C T U b L  F I R S T  D I M E N S I O N  OF T W O   D I M E N S I U N A L   A R R A Y .  
K D I M   M U S T   B E   G R E A T E R   T H A N  OR FCUAL T O  T H E   T B T A L  
N U Y B E R  OF S P E C I E S ,  K K .  

I W O R K  - A R R A Y  O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

O I Y E N S I O N   I W O R K ( - J  & T  L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E O U I R E D   L E N G T H  OF IW0R.K.  

IS I N I T I A L I Z E D   B Y   T H E  C C i L  T O  S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E 0   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

, 
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D I Y E N S I O N   W O R K ( * )  ir? L E A S T   L E N W K .  S E E  C K I N I T   F O R  
D E T A I L S   C N   T H E   R E O U I   R E G   L E N S T H  rJF WORK. 

O U T P U T  
DWK Dt! I 

C K S   B Y  P 

SUR  ROUT I N E  

.. M A T R I X   O F   P A R T 1   A L   D E R I V A T I V E S  O F  T H E   M O L A R   P R O D U C T I O N  
R A T E S  DF T H E   K K   S P E C I E S   N I T H   X E S P E C T   T O  Tt'' 
T E M P E R A T U R E   E X P O N E N T   I N   T H E   R A T E   C O N S T A N T .   O F   T H E  I I  
R E A C T I O N S .   D W K D B I ( K , I I  I S  T H E   P A G T I A L   D E R I V A T I V E  
OF T H E  PRODLICTION R A T E  OF SPECIES K n I r H  R E S P E C T  
T O   T H E   T E M P E R A T U R E   E X P O N E N T  OF R E A C T I O N  I .  

C G S   U Y I T S  - D E P E N D S  O Y  R E 4 C T I O N  
D I M E N S I O N   D W K O B I ( K D I H , + I   E X A C T L Y   K i l I M   F O R   ? H E  
F I R S T   D l H E N S I n N  A h L l  A i  L E A S T  I !  FOR T H E   S E C O N D .  

C K S B Y P   C K S B Y P  C K S  BY P C K S   B Y  P C K S P Y P  
* * * s * * * * * * * * * * 4 * * * * * 4 ~ 4 * ~ * ~ * * ~ 4 * * * * * *  

* * * * * ~ ~ 4 4 * * ~ 0 1 * 1 * * * * * 4 * 4 * *  

* * * * * * + * * * 4 * *  

C K S R Y P  ( P ~ T ~ Y ~ ~ D I M , I W O R K I W O ~ K ~ D ~ K O B I  I 

T H I S   S V R k D ~ T I R E   R F T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  O F  T H E   M 3 L A R  

T E Y P E R A T ! ! R E   E X P O N E N T S  OF T H E   R E A C T I O N S   G I V E N   M A S S   D E N S i T Y .  
T E H P E R A T U R E   A N D   M A S S   F R A C T I O N S .   R E F E R E N C E   E Q U A T I C N  ( 1 1 . 1 1 . 4 1 .  

PR@T:'-'!.":!ON R A i  tS 9 F  T H E   S P E C I E S   W I T H   R E S P E C T   T 7   T H E  

: N w ' r  
P 

T 

Y 

K D I  M 

I W O R K  

WORK 

W T P U T  
D W K D B I  

C K S E Y R  

S U B R O U T I N E  

- P R E   S S L I K E .  
C G '  U N I T S  - D Y Y E S / C M + * Z .  

C G S   U h i I T S  - K 
- T E M P E R A T I J 2 E .  

- A R R A Y  I l F  M A S S   F R A C T I O N S  OF T H E   K K   S P E C 1   E S  e 

C G S   U N I T S  - N O N E .  
O I N F N S 1 3 N  Y ( * l   A T   L E A S T   K K .  - A C T U A L   F I R S T   O I Y E N S I O N   O F  TWO D I M E N S I D > l C L   A R R A Y .  

K D I H   Y U S T  B E  G R E A T € ?  THAN 0 9  E Q U A L  T O  [ t i :  T O T A L  
N U M B E 9  OF S P E C I E S t  K h .  - A R R A Y  O F  I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T t i E  I k ' O R K  A i i K A Y  
IS I N I T I A L I Z E D  B Y  T H E   C A L L   T O   S L J B R O ( J 7 I N E   C K I N I T .  

O I M C N S I O N  I W f I I < K I + l  A T   L E A S T   L E N I U K .  S E E  C K l N I T  FOR 
D E T A I L S   C N   T H E   P F O U I R E D   L F ! . I C T t i  Of: I X O A K .  

l N I T l A L l Z E G  O Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  
D I M E N S I O N  H ( J H K ( * l  A T   L E A S T   L E N W K .  S E E  C K I N I T  FOR 
D E T A I L S  ON T H E  R F O U I H F D  L E N G T H  'If WORK. 

- A R R A Y  O F  R F A L  I N T E R N A L  LI'3RK S P A C E .  1 H E  WORK  ARRAY I S  

. M A T R I X  OF T - h R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R   P R O D U C T I O N  
A A T E S  O F  T H E   K K   S P F C I E S  W I l t I  R E S P E C T   T O   T H E  
T E H P E R A T U R E   E X P O N E N T  IN T H E   R A T E   C O N S T A N T S   O F   T H E  I 1  
P E A C T I O N S .   D W K D S I ( K I I I  I S  T H E   P A R T ' A L   D T Q I V A T I V E  
OF T H E   P Q C l D U C T l I I ' , !   R A T E  OF S P E C I E S  K W I T H   R E S P E C T  
TO T H E   T E H P E R A T U Q E   E X P O N E N T   O F   R E A C T I O N  I .  

C G j   U N I T S  - D E P E N D S  (?N RLALi ic)N 

F I R S T  D I M E N S I O I I   A N D  AT L E A S T  1 1  FOR T H E   S E C O N D .  
D l Y E N S i O N   D W K D B I I K D I M I * I   E X A C T L Y   K D I M  FOR T H E  

C K S B Y 9   C K S G Y R   C K S B Y R   C K S B Y R   C K S B Y R  
* * 4 4 * * 4 * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * *  

t * * * * * * * * * * D + * * * * * * * * * * * *  

* 9 * 4 * * * * * * * * *  

C K S B Y R   ( P H O , T I Y . K D I M I   I W O R K I W D R K I D W K D B I  1 

T H I S   S U B R O U T I N E   R F T U R N S   T H E   P A R T I A L   D E R I V A T I V E S   O F   T H E   M O L A R  
P R O D U C T I C I N   R A T E S  OF T H E   S P E C I E S   W I T H   R E S P E C T   T O   T H E  

T E Y P E R A ' I U R E   A N D   M A S S   F R A C T I O N S .   R E F E R E Y C E   E O U A T I O N  (!1.11.4) 
T E H P E R 4 T U R E   E X P O N E N T S  OF T H E   R E A C T I O N S   G I V E N  M A S S  D E N S I T Y .  

I N  P U T  
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R H O  - M A S S   D E N S I T Y .  

T - T E K P E R A T U R E .  

Y - A R R A Y  OF Y A S S   F R A C T I O N S  ' I F  T H E   K K   S P E C I E S .  

C G S   U N ! T S  - G M / C t 4 * * 3 .  

C G S  U V I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N  Y ( * l   A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N   O F   T W O   D I M E N S I O N A L   A R R A Y .  
K D I H  M U S T  B E   G R E A T E R   T H A N  OR E O U A L   T O   T H E   T O T A L  
N U M B E R  OF S P E C I E S ,   K K .  

IS I N I T I A L I Z E D  B Y   T H E  CkLI. T O   S U B R O U T I N E   C K I N I T .  
I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E  IWORK A R R A Y  

DIYENSION I W O R E I O I  A T  L E A S T  LENIWK.. S E E  CKINIT F n E  
O E T A I L S   O N  THE F E Q I J I R E D  L E N G T H   O F   I U O R K .  

l N I T I 4 L l Z E D  R Y   T H €   C A L L  T O  S U R R O U T I N E   C K I N I T .  
D I M E N S I O N  W 0 9 ~ I * l  A T  L E A S T   L E N W K .   S E E   C K I N t T  FOR 
D E T A I L S   C N   T H E   ; . E O U I R E L )   L E : : G T H   3 F  WORK.  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K  A R R A Y  IS 

O U T P U T  
D w K D 8 I  - M A T R I X  OF P A R T I A L   D E R I V A T I V E S   O F  T H E  M O L A R   P R O D U C T I O N  

R A T E S  O F  T H E   K K  S P E C I E S  W I T H   R E S P E C T   T O  T H E  
T E H P E E A T U R E   E X P O N E N T  I N  T H E   P A T E   C O N S T A N T S  OF T H E  1 1  
R E A C T I O N S .   D W K O R I ( K . I I  IS T H E   P A R T I A L   D E R I V A T I V E  
OF T H E  P F O D L K T I O N   G A T E  OF S P E C I E S  K W I T H   R E S P E C T  
TU T H E   T E ' I P E R A T U R E   E X P O N E N T  OF R E A C T I O N  I .  

C G S  U F I I  T S  - DEPEh'DS 0:4 R E A C T I O N  
D l ' i E N S I O N   D d K O O l ( K D I ~ ~ * l   E X A C T L Y   K O l M  FOR T H E  
F I R S T   D I M E N S I O N  A V D  AT L E A S T  I I  F Q Q   T H E   S E C O N D .  

C K S E C   C K  S E C   C U S E C   C K S E C  C K S E C  c+csEr. 
* * * * * * * * * * * + * * * * * * * * * 4 * * * f f * f * + * * * * * * * * * * *  

* * * * C C * * * * * * f * * P * * * * * * ~ * *  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K S E C  ( T ~ C ~ K O I M , I Y O H K ~ W O R K I D W K D E I I  

T H I S   S U R Q O U T I N F   P . E T U R N S   T H E   P A R T I A L   D E R I V A T I V E S  O F  T t i E  Y O L I P ,  
FRODOCTION R A T E S  o f  r t i E  S P E C I E S  WITH I I E Z P E C T  T U  l t+c 
A C T I V A T I O N   E N E R G Y  O f  T H E   R E L C T I C I N S   G I V E N  T F W P E R b l U 9 E  A t 4 3  
M O L A R   C O N C E N T R 4 T I O N S .   R E F E R E N C E  E Q t I P T I D f 4  ( 1 1 . 1 1 . 5 1 .  

I N P U T  
T - 
C - 

K O l H  - 
I W O R K  - 

WORK - 

O U T P U T  
D W K D E I  - 

T E M P E k A T U 9 E .  

M O L A R   C O N C E N T R A T I O N S  (1F T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S  U N I T S  .. M O L E / C H * " 3  
D I M E h S I O N  C ( * l  A T   L E A S T   K K .  

A C T U A L  F I Q S T  D I M E N S I O N  OF TWO D I M E N S I O N A L   A R R A Y .  
K D I M  % U S T  B E  G R E A T E R   T H A N  O R  E O U A L   T O   T H E   T O T A L  

A R R A Y  O F  I N T E G E R   I N T E R t 4 A L  W O R K   S P A C E .   T H E  I W O Z K  A R R A Y  
I S  I N I T I A L I Z E D  R Y   T H E  CALL  T O  S U B R O U T I N E  C . K I Y I T .  

N U M B E R  OF S P E C I E S 1  K K .  

D I M E N S I O N  I U O R K ( * ~ I  A T   L E A S T   L E N I H K .  S E E  C K l N l T  F O R  
D E T A I L S  !?Pi T H E  P t f f I J I R E D  L E N G T H  O F  I H O H K .  

A R R A Y  O F  R E A 1   I N T E R N A L  WORK S P A C E .  T t i E  WORK A P R A Y  IS 
I N l T l A L l L E D  BY THE C A L L  T O  S U B R O l J T l N E   C K I N L T .  

D I Y E N S I O N   W O P K ( * )   A T   L E A S T   L E U W K .  SET- C K I N I T  F 9 9  
D E T P i L S  ON T H E   R E 4 1 J I P E O   L C N G T H  OF WOPK.  

M A T R I X  OF P A R T I A L   D f R I V A T T V E S  OF T H E   M O L A R   P G O D U C T I O N  
R A T E S  O F  T H E   K K   S P E C I E S   W I T H   R E S P E C T  T O  THE 

I S  ' T H E   P A P . T I A L   D E R I V A T I s ! i i  O F  T H E   P R O D U C T I O N  

E N E R G Y  3F R E A C T I O N  I .  

A C T T V A T I O N   E N E R G I E S  nF T H E  I 1  R E A C T I O N S .   D W K D E I ( K v 1 l  

R A T E  C.F S P E C I E S  K W I T ) +   R E S P E C T   T O   T H E   A C T I V A T I O N  

C G S  U N I T S  - D E P E N D S   O N  R E A C T  I O N  
D I M E N S I O N   D W K D E I ( K D I M , + )   E X A C T L Y   K D I H   F O R  THE 
F I R S T  D I M E N S I O N  AND AT L E A S T  I 1  FOR T H E   S E C O N D .  
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C K S E X P   C K S E X P   C K S E X P   C K S E X P   C K S E X P  
* * * * * * C U * * * + * * * * * * * * * * * * * * * * * * ~ * * * * * *  

+ * $ * + * * * * + * * * * + * * * + + 8 * * * *  

******n*t**** 
S U B R O U T I N C :   C K S E X P  ( P I T , X ~ K D I M ~ I W O R K , W O R K , D W K D E I I  

C K S E X P  

. 
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T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A R T I A L .   D E R I V A T I V E S   O F   T H E   H O L A P .  
P R 0 D U C T : O N   R A T E S   O F  THE S P E C I E S   W I T H   P . E S P E C T   T O   T H E  

A N D   M O L E   F R A C T I O Y S .   G E F E G E N C E   E Q U A T I O N   ( 1 1 . 1 1 . 5 1 .  
A C T I V A T I O N   E N E R G Y   O F   T H E   R E A C T I O N S   G I V E N   P R E S S U R E t   T E M P E R A T U R E  

I N   P U T  
P - P R E S S U R E .  

T - T E M P E 2 A T U R E .  

X - M O L E   F R A C . T I P N S   O F   T H E   K K   S P E C I I S .  

C G S   U N I T S  - D Y N E S / C M * * 2 .  

C G S   U N ! T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   X I * )   A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N  O F  THC) D I M E N S I O N A L   A R R A Y .  
K O I H   M U S T   B E   G R E A T E R   T H A N  O R  E O U A L   T O   T H E   T O T A L  
N U M B E R  O F  S P E C I E S .   K g .  

I W O R K  - ARRAY OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I U O R K   A R R A Y  
I S  I N I T I C L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K ! N I T .  

D I M E N S I O N  I W O R K ( * I  A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H   O F   I H O R K .  

WORK - A R R A Y  OF S E A L   I N T E R N A L  WORK S P A C E .   T H E   ! J O R K   A R R A Y  IS 
I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U R R O U T I N E   C K I N I T .  

D I Y E N 5 I O N   W O R K ( + I   A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D F T A I L :   C N   T H E   R E Q U I R E D   L E N G T H  OF WORK. 

O U T P U T  
D W K O E I  - M A T R I X  OF P A R T I L L   D E R I V A T I V E S   O F   T H E   M O L A R   P R O D U C T I O N  

R A T E S  O F  T H E  K K  S P E C I E S   W I T H   R E S P E C T   T O   T H E  

I S  T H E   P A P T ! A L   D E R I V A T I V E   O F   T u E  P H n D U C T I O N  
R A T E   O F   S P E C I E S  K W I T H   R E S P E C T  T O  THC A C T I V A T I O N  
E N E R G Y  O F  R E A C T I O N  I .  

A C T I V A T 1 C ) Y   E N E R G I E S   O F   T H E  !I R E A C T 1 3 N S .   D W K D E I ( K s 1 I  

C G S  ! J N I T S , -   D F P E N O S  OV R E A C l i O N  
U 1 ' 4 I N c   I O N  OdK17E1 ( K D I M ,  * i  E X A C T L Y   K D I M   F O R   T H E  
F I P S T  D I M k N 5 I O N   A N D  A T  L E ~ S T   I 1  FOR T H E  S E C O N D .  

T H 1 S   S U S G O U T I N E   R E T U R N S   T t i E   P A R T I A L   D E R I V A T I V E S  @ F  T H E   M 3 L A R  
P R C I D U C T I O N   G A T E S  O F  T H E   S P E C I E S   W I T H   R E S P E C T   T O   T H E  
A C T I V A T I O N   E N E R G Y   O F   T H E   ? € A C T I O N S   G I V E N   M A S S   O E N S I T Y  
T E M P E R A T U R E   A N D  HOLE F R A C I I O N S -   R E F E P E N C E   E O U A T I O N   ( I I . 1 1 . S I .  

I N  P U T  
RHO - M A S S   D E N S I T Y .  

T - T E M P E R A T U R E .  

X - M O L E   F F A C T I O N S   O F  T H E  K h   S P E C I E S .  

C G S   U " I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C ! ; S  U N I T S  - N O N E .  
D I M E N L I O N  X ( * )  A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N   O F   T W O   D I M E N S I O N A L   A R R A Y .  
K O l E  " ' S T  U E   G R E A T E R   T H A N  O R  E O U A L   T O   T H E   T O T A L  
N U M B E R  OF S P E C I E S ,   K K .  

I W O R K  - A R R A Y  flF I N T E G E R   I N T E R N A L   W O P K   S P A C E .   T H E  1WCP.K A R R A Y  

O I H E N S I O N   I W O R K ( + I   A T   L E A S T   L E N I W K .  S E E  C K I N I T  F O K  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W C I R K .  

WORK - A R R A Y  O F   R E A L   I Y r E 2 N A L  WORK % ? A C E .  T H E  W f l R K   A R R A Y  I S  
I N I T I A L I Z E D  B Y   T H E   C A L (   T O   S l 1 n R i I ' ~ J T l N F   C K I N I T .  

I S   ! N I f I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N F   C K I N I T .  



D I M E N S I D t 4  W O R K ( * )  A T   L E A S T   L E N W K .  S E E  C K I N I T  FOR 
D E T A I L S  C!N T H E   K E O U I R E D   L E N G T t i  O F  WORK.  

G U T F U T  
DWKDE I 

C K S E Y P  

M A T R I X  OF P A A T I A L   O E R I V A T I V E S  O F  T H E   Y O C A R   P R O D U C T I f l N  
R A T E S  O F  T H E   K K  S f ' E i I E :  H I T t i   R E S l ' t C T  T O  T H E  
A C T I V A T I O N  E ! d E P G I E S  OF T H E  1 1  R E A C T I Z N S .   D W K D E I ( K , I I  
I S  T H E   P A R T I A L   D E X I V A T I V E  O F  T H E   P R O O U C T I O N  
R A T E  O F  S P F C I E S  K V l T t '  R I - S P E C T  T O  T I + €   A C T l V A T I O k  
E N E R G Y  O F  R E A C T l n N  !. 

C G S  I I N I T S  - DE;€W@S ON Q E A C T I O N  
D I M E N S I O N  @ W K O E I ( K F I i M , + I  i Y 4 T T l Y   K D I H  FOH T H f  
F I R S T   C l I M E N S f O ' d  A N 1 1  A T  LE-AS7 I f  F O R  T H E  SFCOtJO. 

, 



RHO - M A S S   D E N S I T Y .  
C G S   U N I T S  - G M / C M * * 3 .  

T - T E M P E R A T U R E .  
C G S   U N I T S  - K 

Y - AP.RAY O F   M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  
C G S   U N I T S  -- N O N E .  
D I M E N S I 3 N   Y ( * I   A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N   O F   T W O   D I M E N S I O N A L   A R 9 A Y .  
K D I M   M U S T   B E   G R E A T E R   T H A N  OR E O U A L   T O  THE T O T A L  
t.II'!iBER OF S P E C I E S t   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WClKK S P A C E .  THE I W O R K   A R R A Y  
I S  I N I T I A L I Z E D   9 Y   T H E   C A L L  T O  S U B R O   J T I N E   C K I N I T .  

D I Y E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I d K .   S E E   C K I N I T  FOR 
D E T A I L S  ON THE R E Q U I R E D   L E N G T H  OF I W O R K .  

WOXK - A R R A Y   O F   R E A L   I N T E R t d A L  WORK S P I C E .   T H E .   W O R K   A R R A Y  1s 
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I Y E N S I C N  W O R K ( * )  A T   L E A S T   L E N W K .  S E E  C K I N I T  FOA 
D E T A I L S   C N   T H E   R E 0 U : Q E D   L E N G T H   O F  WORK.  

O U T P l J l  
O W K D E I  - M A T P I X  O F  " A P T I A L   D E R I ' . ' A T I V E S  O F  T H E   M C I L A R   P R O D U C T I O N  

R A T E S   O F   T H E   K K   Z P E C I F S  H I T H  R E S P E C T  T O  T H E  
A C T I V A T I O U   E N E R G i E S  ?F T H E  I :  R E A C T I O N S .   D W K D E I ( K , I )  
I S  T H E   P A ? T I A L   D E R I L ' A T I V E  OF T H E   P R O D U C T I O N  
R A T E  O F  S P E C I E S  K k I T H  R E S P E C T   T O  THE A C T I V A i ' i O N  
E N E R G Y  O F  2 E A C T I O N  I. 

C G S   U N I T S  - D E P E N D S  O N  R E A C T I O N  
D I Y E N S I O N   D V K D E I ( K D I M t * )   E X A C T L Y   K D I H   F O R   T H E  
F I R S T   D i H E N S I O N   A N D  AT 1 E A S T  I ! FOR T H E   S E C O N D .  

C K S K C   C K i   K C   C K S K C   C K S K C   C K S K C   C K S K C  
* * * * f * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
*+** * * * * * * * * *  

S U R R O U T I N E   C K S K C  ( T , C , K D I M I : H O R K , W U R K I D W K D K I )  

T H I S  S I J B R O U T I N E   R E T U R N S  T H E  P A R T I A L   D E q I V A T I V E S   O F   T H E  
M O L A R   P K O D U C T l r I N  H A T c S  C F  T H E  S P E C I E S   d I T t i  R l Z P E C T  T O  T H E  
F O R W A R D  R A T 5  C C N S T A N T S  OF T h I E   R E A C T I O N S   G I V E N   T E M ? C H A T U H E  
A N D  H O L A 4  C O N C E N T R A T I O N S .   R E F E R E N C E   F O U A T I O N   ( 1 1 . 1 1 . 2 ) .  

I N P U T  
T - T E N P E R A T U R L .  

C *- M I I L A R   C f l f J C E N T R A T I O N S   O F  T H E  K K   S P E C I E S .  
C G S   U i < I T S  - K 

C G S   U N I T S  - H O L E / C H + * 3  
O I M k S I C N  C ( * I   A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   O I M E N S I O N  OF TWO D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T  B E  G R E 4 T E P   T H A N  OK E O U h L   T O  THE T O T A L  
V U M B E R  OF S P E C l E S t   K K .  

I W O R K  - A R R A Y  Of- I N T f G E R  I N T E K N A L  WORK S P A C E .   T H E   I W O R K   A F i R b Y  

D I M E N S I O N  i W O R K ( + J  A1 L E k S l   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S  C N  T H C   R E Q U I R E D   L E N G T H  O F  I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L   u O R K   S P A C E .  T1iE WORK A R R A Y  IS 
I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I P N   W O R K ( ' b I  4 1  L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A r L S   O N   T H E   R E Q U I R E D   L E N G T H   O F  WORK. 

IS I Y I T I A L I Z E O   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
O W K D K I  - M A T R I X  OF P A R T I A L   D E R I V A T i V E S   O F  THE H O C A K   P R O D U C T I O N  

R A T E S  O F  T H E   K K   S P E C I E S   W I T H   R E S P E C T   T O  THE F O R W A R D  

T H E   P A R T I A L   D E P I V A T I V E  OF T H E   P R O O U C T I O N   R A T E  OF 
S P E C I E S  K W I T H   R E S P E C T  T O  T H E   F O P W A R D   R A T :   C O N S T A N T  
OF R E A C T I O N  I .  

R A T E   C O N S T A N T S   O F   T H E  I 1  F < E A C T I O N S .  D W K D K l  I K I I )  

C G S   U N I T S  -* D E P E N D S   O N   R E A C T I O N  

F I R S T   D I M E N S I O N  bND A T  L E A S T  !: F O R  T H E   S E C O N D .  
D I M E N S I O N   D W K D K i   ( D K I H , * I   E X A C T L Y   K D I M  FOR THE 
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C K S K X P   C K S K X P   C K S K X P   C K S K X P   C K S K X P   C K b K X P  
************+****V******************* 

* * * * * * * * Y * * * * * * * * * * * * * * * *  

1************ 

S U B R O U T I N E   C K S K X P  ~ P , T , X , K D I M , I W @ R K ~ W O R K , U W K ~ K l l  

T H I S   S U B R 9 U T I N E   R E T U f i N S   T H E   P A R T I A L   D E R I V A T I V E S  OF T H E  
M O L A R   ? R D D U C T l C l N   R A T E S   O F   T H E   S " E C 1 E S  H I T I +  R E S P E C T  T O  T H E  

T E M P E R A T U R E   A N D  MOCC F R A C T I O N S .   R E F E R E N C E   E O U A T I O N  ( I I . 1 1 . ? ) .  
F O R W A R D   R A T E   C O N S T A N T S  ZIF T H E   R E A C T I C N S   G I V E N   P R E S S U R E ,  

IN P l l T  
P - P R E S S U R E .  

T - T E H P E R A T U i  t . 
X - M O L E   F P A C T I C N S  O F  T b l C  h K  S P E C I E S .  

C G S  U N I T S  - D Y P I E S / C M * * 2 .  

C G S  U t 4 I T S  - K 

C G S  l J P J I T S  - N f l N E .  
C l M E W S I @ N  X ( * )   A T   L E A S T   K K .  

K D I M  - A C T U A L   F I R S T   D l H F N S I O N  OF TWO D I M E N S I O N A L   A P R A Y .  
K D I M  M U S T  8E G R E A l E R   T H A N  O R  E O U A L  T O  T H E   ' T O T A L  
N U M B E R  OF S P E C I E S v   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  W O K K   S P A C E .   T H E   I W G P h   A R R A Y  
IS I N I T I A . . I  Z E D  B Y  T H E   C A L L   T U   S U B R O U T I N E   C K I N I T .  

D I H E N S I ~ N  IWOQK(*I A T  L E A S T  LENIWK. S C F  CKINIT F n F  
D E T A T L S   O N   T H E  ~ E Q L I I P F C I  C E N G T I I  O F  I W O R K .  

I N I T I A L I Z E D  B Y   T I i E   C A L I .  TI! Sc l I jR(7UTIEIE C K I N I T .  

D E T A I L S   C N  T H t  & F C I J I E e I )  [ L E N G T H  O F  W O R K .  

WORK - A R R A Y  OF R E A L   1 N T F u N 4 1 .  W0P.K S P A C E .  TI?E WORK A R R A Y  ! 5  

DIMEYSICN W O Q K ( * I  A T  I E A S T  L FFIWK. S E E  CKINIT F n a  

C K S K X R   C K S K X R   C K S K X R   C K S K X R   C K S K X R  C K S K X G  
* * * * * * * ~ 4 * * * * + + * * * + * ~ * * * * 0 ~ * * * * ~ * * * * *  

O + * * * * * * + * * + * * r * + * + b ~ * ~ * *  

S t * * * * * * * * 4 * *  

S U B R C U T I N E   C K S K X R  ( R H J , T I X , K D I M , I U O R K ~ W O A K I D W K D K I I  

T H l S   S U 8 R O U T I N E   R E T U F . N S   T H E   P A R T I A L   D E R I V A T I V E S  OF THE 
M O L A R   P R O D U C T I O N   R A T E S  O F  T H E  S P E C I t S   W I T H  RFSPEC.1  T ' l  T H E  

T E M P E R A T U R E   A N D   H O L E   F R A C T I O N S .   P E F E W E f J C f   E O U 4 T I ( J N  ( 1 1 . 1 1 . 2 ) .  
F O R W A R D  R A T E   C O N S T A N T S  O F   T H E  R E A C , T I O N c   G I V E N   M A S S   D E N S I T Y ,  

I N  P U T  
R H O  - M A S S   D E N S I T Y .  

T - T E M P E R A T U D E .  

X - 1 i J L t   F R A C T I C N S  OF THE K K  S P E C I E S .  

C G S  Ui.J lTS - C , Y / C M * * 3 .  

C G S  U N l l :  - Y 

C G S  C lP I ITS  - N O N E .  
D I M E N S I O N  X ( + )   A T   L E A S T   K K .  

K D l H  - A C T U A L  F I R S T  U I H f N S I I ) N  Or TWO D I M E h S I O N 4 L   A R R A Y .  
K D I M   M U S T  OF G R E A T E R  Ti-IAN O R  E U U A L   T O   T H E   T O T A L  
N U M B E R  OF S P E C I E S ,   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E  I J O R K  A Q R A Y  

D I H E N S I C N   I W O R K ( * l   A T   L E A S T   L E N I W K .  S E E  C K l N I T  FOk 
D E T k I L S   C N  THE F E O U I R E O   L E N G T H  O F  I W O R K .  

I S   I N I T I A L I Z E D   B Y   T H E   C 4 L L   T O   S U B R C I U T I F I E   C K I N I T .  

WORK - A R R A Y  OF Q € A L   I N T E R f r A L  WORK S P C C E .   T H E   W O R K   A R R 4 Y  IS 
INITIALIZED B Y   r I r E  C A L L  rc ;  S U O ~ O U T I N E  CKINIT. 

, 
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D I M E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   C E ‘ d G T H   O F  WORK.  

O U T P U T  
D i l K D K  I 

C K   S K Y  P 

M A T R I X   O F   P P R T I A L   D E R I V A T I V E S   O F  T H C  M O L A R   P R O D U C T I O N  
R A T E S   O F   T H E   K K   S P E C I E S   W I T H   R E S P E C T  T O  T H E   F O R W A R D  
R A T E   C O N 5 T A E ; T S  O F  T H E  I 1  R E A C T I O N S .   D W K D K I ( K t I I  
THE P A R T I A L   D E R   I V A T   I V E   O F   T H E   P R O D U C T   I O N   R A T E   O F  
S P E C I E S  K W I T H   R E S P E C T   T O   T H E  F O R W A R D  R A T E   C O N S T A N T  
O F   R E A C T I O N  I .  

C G S   U ; J l T S  - D E P E N D S   O N   R E A C T I O N  
D I M E N S I O N  D W K D K I ( O K I H , * )   E X A C T L Y   K D I M  FOR T H E  
F I R S T   D I M E N S I O N   A N D   A T   L E A S T  I I FOR T H E   S E C O N D .  

S U B R O U T I N E   C K S K Y P  ! P , T ~ Y I K D I Y , I W O R K ~ W O R K ~ ~ W K D ~ ~ I I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   P A P T I A L   D E R I V A T I V E S   O F   T t i E  
M O L A R   P R O D U C T I O N   R A T E S  O F  T H E   S P E C I E S  W I T H  R E S P E C T   T O   T H E  
F O R W A R D   R A T E   C O N S T A N T S   O F  T H E  R E A C T I O N S   G I V E N   P R E S S U t l E ,  
T E M P E R A T U R E   A N D  M A S S  F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  ( 1 1 . 1 1 . 2 ) .  

I N P U T  
P - P R E S S I J R E .  

T - T E Y P E R A T U R E .  

Y - A R P A Y  O F  Y A S S   F R A C T I O N S   O F   T H E   K K  S P E C I E 5 .  
C G S  U N I T S  - N O N E .  
D I M E N S I O N   Y ( * )   A T   L E A S T   K Y .  

C G S   ( / N I T S  - D Y N E S / C M * * 2 .  

C G S  UNITS - K 

K D I M  - A C T U A L   F I Z S T   D I M E N S I O N  OF TWO D I H E N S r C l N A l   A 9 P A Y .  
K D l M   M U S T  Y E  G R E A T E R   T H A N  OR E O U A L   T O  1 t i E  T O T A L  
N U M B E R  OF S P E C I E S ,   K K .  

I W O R K  - A R R A Y  O F   I N T F G E R   I t I T E W N A L  WORK SPA;!!. T I i f   I W O R K   A R R A Y  

D I N E l 4 S I f l N   I W O H K ( * l   A T   L E A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T A I L :   C N  T H E  R E S I I I R E D  L F N G T H   O F   i W O H K .  

1 5  I N I T   I A L i Z F O  RY 1111: C A L L   T O  LLJ&Rrl\J;.IM.t C K I N I T .  

W o 9 K  - A R R A Y  OF R E A L   I N T E k N A L  WCIRK S P A C E .  l!iE W O R K  A R R A Y  IS 
I N I T I A L I L F f l   B Y  T t l E  T A L L  1 0  S U B R O U T I N E   C K I N I T .  

D ! Y E l . i 5 ! t l N  H o F ; K ( * )  AT L E A S T   L E N W K .  S E E  C K I N I T  F O X  
D E T A I L S   C N  THE R E Q ( 1 I R E L j  L E N G T H   O F   W D R K .  

O U T P U T  
DWKDK 1 

C Y S K Y R  

M A l R I X  OF P A R l I A L   1 1 E R I V A T I V E S  O F  THE M O L A R   P R O D U C T I O N  

R A T E   C O N S T A N T S  CIF T H E  I 1  R E A C T I O N S .  O W K O K I  l K . 1  1 
T H F   P A R T I A L   D E R I V A T I V E   O F  THE P R O D U C T I D N   R A T E  OF 
S P E C I E S  K W I T H   R E S P E C T  T:l ? t i €  F O R W A R D  R A T E   C O N S T A N T  
O F   R E A C T I O N  I .  

R A T E S  OF. T H E  K K  S P E C I E S  R E S P E C T   T O  T H E  F O P W A R D  

C G S  IINITS - DEPENDS ON 4 F A C T I I J N  

F I R S T   D I Y E N S I O N   A N D   A T  ! F A S T  ! I  F O R  T H E   S E C O N D .  
D I M E N S I O N   O W K O K I   ( D K : M I * )   t X A C T L Y   K [ ) I M  “CIR T H E  

C K   S K Y  R C K S K Y R  CK S K Y  R C K S  K Y  R C K S K Y R  
* * * * * O * * * * + * * * * * * * W * * * * + * ~ * * * * * * * * * * *  

Q * * g * * * a * * * * O * * * * f * t ~ * ~ W *  

* + * * * * * * * * * * *  
S U R R 9 U T I N E  C K S K Y R  ( R H O ~ T ~ Y ~ K D ~ M ~ I W O R K I U ~ R K ~ D ~ ~ D K I  I 

T H I S   S U R R O U T   I N E   R E T U R N S   T H E   P A R T I A L   D E R 1   V A T I V E S   O F   T H E  
M O L A R   P R C D U C T I O N   R A T E S  OF T H E   S P E C I E S  WITH R E S P E C T   T O  THE 

T E M P E R A T U R E   A N D   M A S S   c R f . C T I O t 4 S .   R E F E R E N C E   E Q U A T I O N  ( 1 1 . 1 1 . 2 1 .  
F O R W A R D   R A T E   C O N S T A ’ d T S  OF T t i E   R E A C T I O N S   G I V E N  M A S S  C E N S I T Y t  

I N P U T  
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R H O  - M k S S  D E N S I T Y .  

T - T E M P E R A T U R E .  

Y - A R R A Y   O F   M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

D I M E N S I O N   Y I * )   A T   L E A S T   K K .  

C G S   U N I T S  - G M / C M * * 3 .  

C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  

K D I M  - A C T U A L   F I R S T   D I M E N S I O N   O F   T W O   D I M E N S ! O N A L   A R R A Y .  
K D I H   M U S T   B E   G R E A T E R   T H A N  OR E Q U A L   T O  THE T O T A L  
N U M B E R  OF S P E C I E S ,   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W O R h I * )   A 7   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S  i)N THE  P .F@\J IRF-D  LF tJT .T I -1  OF 1 3 O R K .  

I S  I I N I T I A L I Z E D   B Y   T I i F   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y  O F  R E A L .   I N T E R N A L  W!?RK S P A C E .   T H F   W O R K   A R R A Y  I S  
I N i T I A L ! I E D   R Y  ;'!cE C b i l .   T O   S U B P O U T I N E   C K I N I T .  

DIMEN\,.::;': l d f q Y , ( * l  A: L E A S T   L E N W K .  S E E  C K I N I T   F O R  
D E T A f 1 . S  C N  T H E   R E O \ J I R E D   L E N G T H   O F  W 3 R K .  

(IU T P U T  
D U K D K I  - M A T R I X  O F  P A R T 1   A L   D E R I V A T I V E S   O F   T H E   M O L A R   P R O D U C T I O N  

R A T E S  OF T H E   K K   S P E C I E S   U I T Y   R E S P E C T   T f l   T H E   F O R W A R D  

T H E   P A R T I A I .   D E R 1   V A T I V E  OF T H E   P R O D U C T I O N   R A T E  O F  
S P E C I E S  K W I T H   R E S P E C T   T O   T H E   F O R W A R D   R A l E   C O Y S T A N T  
OF R E A C T I O N  I .  

R A T E   C O N S T A N T S   O F   T H €   1 1   R E A C T I O N S .   D W K D K I ( I : t  I )  

C G S  U Y I T S  - GEPEP!PS ON K L I b C T ! O N  
PIHEbIS1Cl t . I  ! l W K ~ l k ~ l l ~ - ~ K I f 4 ~ * )   E X A C T L Y  K D I M  F O R   T H E  
F I R S T   O I M E N S I O W  AN0 A T  i E A S r  I 1  F O R   T H E  SECOtJO.  

C K S Y L   C K S   M L   C K S M L   C K S H L   C K S M L  C K S M L  
* * * t b d t f l * b L + b + * 0 9 $ + b * $ * b Q * Q * * * * * * * * *  

1 ~ 4 b * C f Q * b 9 ' n + + L 1 ~ * * 4 Q j b ~  

* + + t b + * h * * b b *  

S U D R O U T I N E   C K S M L   I T ?   I W O R K v W O R K v S H L )  

T H I S   S U R R O U T I N E   R E T U P N S   T Y E   S T A N O A R @   S T 4 T F   E N T R O P I E S  I!d br'll.AR 
U N I T S .   R E F E R E N C E   E O U A T I O N  ( i I . I *  .5). 

I N P U T  
T - T E M P E R A T l j R E .  

I W O R K  - A R R A Y   O F  I N T E G E i l  I N T E R N A L   W n R K   S P A C E .   T H E   I U P R K   A R R A Y  

D I M E N S I O N   I H O R K ( * )   A T   L E A S T   L E N I W K .  S E E  CC!N!T FOQ 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y  3F R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R 9 A Y   I S  

C G S   U N I T S  - K 

I S   ! N I T I A L I Z E D  RY T H E  C A L L   T O   S U C R S U T I U E   C K I N I T .  

I N I T I A L I Z E D  B Y   T H E   C A L L  r[7 S U p , Q O U T I N E   C K i N I T .  
D I M E N S I O N   W O R K ( + )   A T   L E A S T   C E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E O L l I R E D   L E N G T H  OF WORK. 

O U T   P U T  
SML - A R R A Y  OF S T A N D A R D   S T A T E   E N T R O P I E S  I N  M O L A R   U N I T S  F O R  

T H E   K K   S P E C I E S .  
C G S   U P I ' T S  - E R C S / ( H O L E * K ) .  
D IHEN5!G iJ  S ' i L ( * )  A T   L E A S T   K K .  

J 
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C K S M S   C K S M S   C K S M S   C K S M S   C K S  MS C K S M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K S M S   ( T ~ I W O R K , W O R K I S M S I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   S T A N D A R D   S T A T E   E N T R O P I E S   I N   M A S S  
U N I T S .   R E F E R E N C E   E Q U A T I O N   1 1 1 . 4 . 1 5 1 .  

I N P U T  
1 - T E M P E R A T U 9 E .  

I W O R K  - A R R A Y  O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

O I H E N S I O N   I W O R K ( * )   A T   L E A S T   L E Y I W K .   S E E   C A I N I T  FC)R 

WORK - A R R A Y   O F   P . E A L   I N T E R N A L   W O R K   S P A C E .   T H E   W O R K   A R R A Y  I S  

C G S   U N I T S  - K 

IS INITIALIZED B y  THE C A L L  T O  SUBROUTINE C K ~ N I T .  

O E T A i L S   C N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

I N I T l A L I L F D  BY T H E   C A L L  TO S U B R O U T I N E   C K I N I T .  
D I H E N S I C N  W O R K l * l  A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

O U T P U T  
SMS - A R R A Y  OF S T A N D A R D   S T A T E   E N T R O P I E S   I N   M A S S   U N I T S  F O R  

T H E   K K   S P E C I E S .  
C G S   U N I T S  - E R G S / I G M * K l .  
D i Y E N S I O N  S M S ( * l   A T   L E A S T   K K .  

C K S O R   C K S  OR C K S O R   C K S O R   C K S O R  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * *  
S U R R O U T I N E   C K S O P   ( T ~ I ~ O R K I W O R K I S O R I  

T H I S   S U B 7 O U T I N E   R E T U R N S   T H E   N O N D I M E N S I O Y A L   C L ' T R O P I E S .  
R E F E R E N C E   E O U A T I U N  1 1 1 . 6 . 5 1  O R  1 1 1 . 4 . 8 1 .  

C K S O R  

I N  P U T  
T - T E H P E R A T U Q E .  

I W O K K  - A R R A Y   O F   I N T E G E R   I N T E R N A .   W O R K   S P A C E .   T H E   I W n R K   A R R A Y  

O I M F N S l n N   I W O 9 K ( * I   A T   L E A S T   C E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   C N  T H E  R E U U I R . E O   L E Y G T H  OF I W O R K .  

K O R K  - A R R A Y  O F  R E A L  ;NTEF'.NAl.  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
I N I T I A L I Z E D  BY T H E   C A L L   T C   S U B R O I J T I N E   C K I N I T .  

D I M E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
O E i s i I L S   C N   T H E   R E O I J I R E O   L E F I G T H  OF WORK. 

C C S   U N I T S  - K 

IS I N 1 T : A L I Z E O  BY THE C ' . L L  T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
SOR - A R R A Y  OF N O N O I M E N S I O N A L   E N T R O P I E S  FOR T H E   K K   S P E C I E S .  

C C S   U t ! I T S  - NC)NE. 
D I M E N S I O N  S O R I - )  A T  L E A S T   K K .  

C K S Y H E   C K S Y M E   C K S Y M E   C K S Y M E   C K S Y M E   C K S Y M E  
*****a**u*********2*4L+*fa*4+31++***+ 

****t+******************* 
************* 

S U B R O U T I N E   C K S Y M E   ( L I 4 i ) I W r   I W O R K ~ W O R K I M H O L I  

T H I S   S U B R O U T I N E   R E T U E N S  THE H O L L E R I T H   S Y P B O L S  
FOR T H E   E L E M E N T   N A M E S .  

I N P U T  
L M O I M  - A C T U A L   F I Q S T   D I M E N S I O N  OF M A T R I X  OF E L E M E N T   H O L L E R I T H  

C H A R A C T E R S .   L M O I H   M U S T   B E   A T   L E A S T   L E N E L t  THE T O T A L  
N U H 8 E R  OF H O L L E R I T H   C H A R A C T E R S  FOR T H E   E L E M E N T   N A M E S .  

IS I N I T I A L I L E U  B Y   T t l E   C A L L   T O   S U S R O U T I N E   C K I N I T .  
I W O R K  - A R R A Y  O F  I N T E L E X   I N T E R N A L   N C I Q K  SPAC.E. THE I W O R K   A R R b Y  
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WORK 

O I J T P U T  
Yhs\. 

C K S Y M R  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N l T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T   F O R  
D E T A I L S  C h  T H E   R E O U I K E D   L E N G T H   O F  WORK. 

M A T R I X  O F  b l  H O L L E R I T H   S Y S M B O C S   F O R   T H E   E L E M E N T   N A M E S .  

M T H   E L E M E N T .   T H E P '   A R E   L E N E L   C t i A R A C Y E R S   F O R   t A C t !  
E L E M E N T .  

M H O L ( L  , M )  I S  T H E  L r H  AI HOLLERITH C H A R A C T E R  F G K  T H E  

O I M F N S l O N   H H O L ~ L M D l M ~ * l   E X A C T L Y   L M @ I M   F O R   T H E   F I R S T  
D I M E N S I O N   A N D   A T   L E A S T  M Y  F O R   T H E   S E C O N D .   L M ? I M  
M U S T  B E  A T   L E A S T   [ ~ € N F L -  

S U B R O U T I N E   C K S Y M R   ( I , L E N I H L ,   I W f l R K , W O R K , L T ,   I H O L I  

T H I S   S U B R O U T I N E   R E T U R N S   A N  A 1  H O L L E H I T t - (   A R R A Y   W H I C H  
D E S C R I B E S   T H E  I T H   P E A C T ! O N .  

I N  P U T  
I - R E A C T I O N  INLIEX 
L E N I H L  - L E N G T H   O F   T H E   A 1  t'OI.! E R   I T t i   A R R A Y  PKrJVI DE0 FClR 7 r i E  

H O L L E R I T H   O E S C R I D T I O N S   O F   T H E   R F A C i I C l W 5 .  

I S  I N I T I A L I Z E D  B Y   T V E   C A L L   T ( 1   S I I H R O U T I N F   C K I N I T .  
I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E  IWOKK A R R A Y  

D I M E N S I O N   I W O R K I + I   A T  L.EF.ZT L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S  ON T H E   P E O U I R E U   L E N G T H  O F  I W O R K .  

I N I T I A L I Z ~ O  B Y   T H E   C A L L   T O   S l J l 3 R f l ! J T I N E   C K I N I T .  
D I M E N S I O N   W O F K ( * )   A ?   L E A S T   L E F J W K .   S E E   C K l N I T  F O k  
D E T A I L S   T N   T H E  R E O I J I R i D  L F h l G T l i  [IF U f I R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  W O W <  S P A C E .  TIit w G G K  A R R A Y  : S  

O U T P U T  
L T  - A C T U A L   N U Y R E R  f l F  A I   H O L L E R I T H   C , l l A R A C T E R S   1 N  T t i E  

R E A C T I O N   D E S C R I P T I O N ,  I T  W I L L .  A L W A Y S  R E  L E S S  7 H A N  
O R   E O U A L   T 7   L E N I H L .  

T H E  : T H   Q E A C T I O N .  
I H O L  - A R R A Y   O F  A 1  H f l L L E R I T t i   C H A R A C T E R S   D E S C R I B I N G  

D I M E N S I I N   I H O L ( 4 )   A T   L E A 5 T   L E N I H L .  

C K S Y M S   C K S Y M S   C K S Y h l S   C K S Y M S   C K S Y M S   C K S Y H S  
***++u*+a*t f*+**+4+i++f8+e+8d0*t+4+*** , *********  

n + 0 * 4 , * * * * * 4 ~ * + + + 4 8 + * * * * *  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K S Y M S   ( L K D I M v   I W O R K v W O R K ~ K H O L I  

T l l I S  S U B R O U T I N E   R E T U R N S   T H E   H O L L E R I T H   S Y V B O L S  
FOR THE S P E C I E S   N A 3 E S .  

I N P U T  
LKDIM - ACTUAL FIGST DIMENSION of MATRIX OF SPECIES HOLLERITH 

C H A R A C T E R S .   L K D I M   M U S T  B E  A T   L E A S T   L E N S Y M I   T H E   T O T A L  
N U M B E R   O F   H O L L E R I T H   C t i A k A C T E R  FOR T H E   S P E C I E S   N A M E S  

IS I N I T I A L I Z E D   8 Y   T t i L   C 4 1 ~ L   T O   5 l J R P O I . J T I N E   C K I N I T .  
{ W O R K  - A R R A Y  0:' INTEGEH INTERNAL W O R K  S P A C E .  T H E  IWORK A R R A Y  

D ! , Y E N S I O > l  I i i O ? K K ( * )  A T   L E A S T   L E N I W K .   S E E  C K ( I N I 1  F O R  
D E T A I L S   O N   T h C   R E O L l I R E D   L E N G T H  OF I H O k K .  

I N I T I A L I Z F * y  BY T H E   C A L L   T O   S U B R d U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )  A T  L E A S T   L E N W K .   S E E   C K i N l T   F O R  
D E T A I L S  C'rl T H E   P E O U I R E D   L E N G T l i  OF H O K K .  

WORK - A R R A Y   O F  p..EAL : N T E R N A L  WORK S P A C E .   T H E  WORK  ARRAY I S  
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O U T P U T  
K H O L  - M A T R I X   O F  A I  H O L L E R I T H   S Y M B O L S   F O R   T H E   S P E C I E S   N A M E S .  

K H O L ( L , K I   I S  T H E  L T H   A 1   H O L L E R I T H   C H A R A C T E R  F O R   T H E  
K K   S P E C I E S .  T H E R E  A R E   L E N S Y M   C H A R A C T E R S   F O R  E A C H  
S P E C I E S .  

D I M E N S I O N   K H O L l L K D I M ~ * l   E X A C T L Y   L K D l M   F O R   T H E   F I R S T  
D I M E N S I O N   A N @  47 L E A S T   K K  f 5 R  T H E   S E C O N D .   L K D I M  
M U C T   B E   A T   L F 4 S T   L E N S Y M .  

C h. T H 0 C K T H B   C K T H B   C K T  HB C K T  HB C K T H 0  
*u****+*+*****~********************** 

**+h***+**************$4* 

* * * o * * * * * * * * *  
S U C R S U T I N E   C K T H R   I K D I M ,   I W O R K * W O R K q A K I )  

T H I S   S U B R O U T I N E   R E T U R N S  MATP I X  O F   E N H A N C E D   T H I R D   B O C Y  
C O E F F I C I E N T S ,   R E F F R E N C E  E Q U A T I O N   ( 1 1 . 5 . 1 1 ) .  

I N  P U T  
K O I M  

I WORK 

WORK 

O U T P U T  
AK I 

C K U   0 M L  

- A i C T U d l   F I R S T   D I M F N S I O N   O F   T W O   D I M E N S I O N A L   A R R A Y .  
K D I M   M U S T   9 E   G R E A T E R   T H A N  O R  E Q U P ‘  TO T H E   T O T A L  
Nl!’I!?ER OF S P E C I E S ,   K K .  

- k R R A Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I H O R K   A R R A Y  

D I M E N S I O N   I W O K K l * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T  F O P  
D E T A I L S   O N   T H E   R E O U I R E O   L E N G T H   O F   I W O R K .  

- A R R A Y   O F   R E A L   I N T E R N A L   H O R K   S P A C E .   T H E   W O R K   A R R A Y  IS 
I N ! T I A L I Z E D   B Y   T H E   C A L L  TC) S U B R O U T I N E   C K I N I T .  

D I M E : i ? l C N   W O R K l * l   A T   L E 4 S T   L E N W K .   S E E   C K I N I T   F O A  
D E T A I L S   C N   T I i E   R E Q U I R E D   L E N G T H   O F   W O f i K .  

I S  I N I T I A L I Z E D  BY T H E   C A L L  TO S I J B R O U T I N E   C K I N I T .  

- M A T R I X  O F  E!JHANCED T H I R D  B O D Y  E F r I C I E N C I E S   O F   T H E   K K  
S P E C I E S   I N   T H E  I I  R E A C T I O N S .   A K I C K I  I I IS T H E   E N H A N C E D  
E F F I C I E N C Y   O F   T H E  K TH S P E C I E S  I N  T H E  I 1 H  R E A C T I O N .  

D I M E N S I O N   A K I ( K D I M , * I   E X A C T L Y   K D I M  F C R   T H E   F I R S T  
D I M E N S I O N  AND A T   L E A S T  I 1  F O R  THE S E C U N D .  

S U H R O U T I N E   C K U B M L   ( T ~ X ~ I H O R K I W O R ~ I U B ~ L )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E  M O L A R  k E I G H T E D   M E A N   I N T E R N A L  

( 1 1 . 4 . 2 8 1 .  
E N E R G Y   O F   T H E   M I X T U R E  I N  t ( O L . 4 R   ( ! N I T S .   R E F E R E N C E   E O U 4 T I O N  

I N   P U T  - 
I - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S   O F   1 H E   K K   S P E C I E S .  
C G S  U N l T S  - K 

t G S  U N I T S  - FJCJNE. 
D I M E N S I O N   X I * )   A 1   L E A S T   K K .  

I W O R K  - A R R A Y  O F  I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I i l O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * l   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T P I L S   C N  THE R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I S  
I N I T I A L I L E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  W O R K l * l  A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T A   I L S   O N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D   B Y   T H E   C A L L  70  S U B R O U T I N E   C K I N I T .  

O U T P U T  
U0HL - M O L A R   W E I G H T E D   H E 4 N   I N T E R N A L   E N E R G Y   I N   M O L A R   U N I T S .  . C G S   U N I T S  - E R C - S / M O L E .  
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C K U B M S   C K U B M S   C K U B Y S   C K U  BMS C K U B M S  
********+***********9***************** 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * * * * * * *  

S U B R O U T I N E   C K U R H S   ( T r y ,   J W O R K ~ W O R K ~ U B M S )  

fillS S U B R O U T I N E   R E T U Q N S   T H E   V A S S   W E I G H T E D   M E A N   I N T E R N A L  
E N E R G Y  OF T H E   M I X T U R E  I N  M A S S   I J N I T S .   R E F E R E N C E   E O U A T I O N  
( 1 1 . 4 . 2 9 ) .  

C K U B M S  

I N P U T  
T - T E M P E R A T U R E ,  

Y - A R R A Y  OF M A S S   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S   U N I T S  - N O N E .  
D I M E N S I O N   V I * )   A T   L E A S T   K K .  

I W O R K  - A R R A Y  OF I N T C ' F R   I N T E R N A L  WORK S P A C E .   T H E  I W O R K  A R R A Y  

D I M E N S I O N   I W 3 R K l * I   4 T   L E A S T   L E N I W K .  S E E  C K I N I T  F O R  
D E T P   I L S  ON T H E   R E O U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L   W U K K   S P A C E .   T H E   W O R K   A R R A Y  1s 
I N I T I A L I L E D  B Y   T H E   C A L L   T O   S I J B R O C I T I N E   C K I N I T .  

D I H E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .   S E E   C K I N I T   F O R  
D E T L I L S  O N  T H E   R E O U i R E D   L E N G T H  O F  WORK. 

I S  I N I T I A L I Z ~ ~ '  KI T H E   C A L L   T O   S U n R U U T I N E   C K I N I T .  

O U T P U T  
U B H S  - M A S S   W E I G H T E D   Y E A N   I N T E R N A L   E V E R G Y  IF4 : 4 A S . 5  iJP4ITS. 

C G S  ! J Y I T S  - E Q C . S / C M .  

C K U M L   K U V L   C K U M L   C K U H L   C K U M L  
*0** * * * * * *+*** * t * * * * *eL99t f++t+*Vfb*** * * * * * * *~**  

* * * * * * * * * * * * * * * t * * * + * * * ~ ~  
* + + * * O * C + * ~ * S  

S U B R O U T I N E   C K U M L   ( T ,   I H O R K r W O R K , I . I M L I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   I N T E R N A L   E N E R G I E S  I N  M O L A R  
U N I T S .   R E F E R E N C E   E O U A T l f l N  ( l T . A . l O \ .  

C K U * C  

I N  P U T  
T - T E M P E R A T U R E .  

C G S  U N I T S  - K 
I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   W n R K  S P A C E .  T t i E  IWORK  A f i . i . 1 i  

WORK 

O U T P U T  
U M L  

C K U H S  

IS I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S U B R O U T I N E   C K I N I I .  

D E T A I L S   O N   T H E   H E U U I R E D   L E N G T H  O F  I W O R K .  
D I M E N S I O N   I W O R K ( * I  4T L E A S T   L E N I W K .  S E E  C K I N I T  F O P  

- A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K  A R R A Y  I S  
I N I T I A L  [ Z E D  B Y   T H E   C A L L .  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O P , K I * I   A T   L E A S T   L E N W K .   S E E   C K I N I T  F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF W O R K .  

- A R R A Y  O F  I N T E R N A L   E N E R G I E S  I N  H O L A 9   U N I T S  F O R  THE 
K K   S P E C I E S .  

C G S  W I T S  - E R G S / H O L E .  
D I M E N S I O N  U M C ( * )   A T   L E A S T   K K .  

C K U M S   C K U M S   C K U H S   C K U M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* * *+*** * * * * * *  
S U B R O l J T I N E   C K U H S  ( T t  I W O R ~ K v W O R K , U H S I  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   I N T E R N A L   E N E R G I E S  I N  M A S S  
U N I T S .  R E F E R E N C E   E Q U A T I O N  ( 1 1 . 4 - 1 7 ) .  

I N P U T  
T - T E M P E R A T U R E .  

C G S   U N I T S  - K 

C K U M S  
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I W O R K  - A R R A Y   C F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A S R A Y  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O R K .  

WORK - A R R A Y   O F  R E A L  I N T E R N A L  WCRK S P A C E .   T H E   W O R K   A R R A Y   I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I C I E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   K E O U I R E D   L E N G T H  OF WORK. 

I S   I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U T P U T  
UMS '- A R R A Y   O F   I N T E R N A L   E N E R G I E S   I N   M A S S   U N I T S   F O R   T H E  

K K   S P E C I E S .  
C G S   I J N I T S  - E R G S / G M .  
D I M E N S I O N  U M S ( * )   A T   L E A S T   K K .  

C K U N I T   C K U N  I T C K I J N I  T C K U N i  T C K U N I T   C K U N  I T 
* * * * * * * * * * * * * * * * * 4 * * * * * * * * * * 4 * * * * * * * *  

C * * * * * * * * * * * * * * * * * * * * * * * *  

**********t** 

S U B R O U T I N E   C K U N I T   ( R U , R U C I P A I I W O R K , W O n K I  

T H I S   S U B R O U T I N E  I S  U S E D   T O   C H A N G E   U N I T S  I N  T H E  CODE.  
C A R E   M U S T  B E  T A K E N   T O   M A K E   S U R E   T H A T   I F   T H E   U N S T S   A R E  
C H A N G E D   T H E Y   A R E   C O N S I S T E N T .  

I N P U T  
RU - U N I V E R S A L   G A S   C O N S T A N T .  

G U C  - U N I V E k S A L   G A S   C O N S T A N T   U S E D   O N L Y   I N   C O N J U C T I O N   W I T H  
C G S   U N I T S  - 8 . 3 1 4 E 7   E R G S / ( M O L E * K I  

A C T  I V A T  I O N  E N E R G Y .  
P R E F E S R F D   U N I T S  - 1.987 C A L / ( H O L E * K ) .  

P A  - P R E S S U R E   O F  GNE S T A N D A R D   A T M O S P H E R E .  
C G S   U N I T S  - 1 . 0 1 3 2 5 E 6   D Y N E S / C M * * Z  

I W O R K  - A R R A Y  OF ! N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E b I I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R F O U I R E D   L E N G T H   O F   I W O R K .  

I S   I N I T I A L I Z E U  BY T H E   C A L L  TC) S U B R O U T I N E   C K I N I T .  

WORK - A H '   A Y  3 F  R E A L   I X T E R N A L  W O R K  S P A C E .   T H E  WORK A R R A Y  I S  
I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R L U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T   F O R  
D E T A I L S   C N  THE. R E O U I R E D   L E N G T H  O F  WORK. 

C K W C  CKWC  CKWC CKlW c CKWC  CKWC 
* * * * * 9 4 * 9 * * + O I 4 * 0 * * * * * ~ * ~ * ~ ~ * * * * * Q * * *  

 of******+****^^*** 

*** * * * * * * * * * *  
S U B R O U T I N E  CKWC ( T I C I I W C R K , W D R K ~ W O ~ T )  

T H I S  S U B R O U T I N E   R E T U R N S   T H E  MdCAII P R O D U C T I O N   R A T E S   O F   T H E  
S P E C I E S   G I V E N   T H E   T E M P F R A T U R E   A N D   M O L A R   C O N C E N T R A T I O N S .  
R E F E R E N C E   E O U A T I O N   ( 1 1 . 5 . 2 . )  
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I N P U T  
T - T E M P E R A T U R E .  

C - M O L A R   C O N C E N T R A T I O N S   O F   T H E   K K   S P E C I E S .  
C G S   U N I T S  - K 

C G S   U N I T S  - N O L E / C M * * 3  
D I M E N S I O N  C i * :  A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK S P A C E .   T H E   I W O R K   d R R A Y  
I S   I N I T I A L I Z E D   B Y   T H E   C A L L  T? S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E P U I P . E D   L E N G T h  OF I W O R K .  

k O R K  - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y   I S  
INITIALIZED B y  T H E  C A L L  T O  SUBROUTINE CKINIT. 

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E O U I R E O   L E N G T H  OF WORK. 

O U T P U T  



HOOT - A R R A Y  OF C H E H l C A L   M O L A R   P R O D U C T I O N   R A T E S   F O R   T H E   K K  
5 P E C I F S .  

C G S   I J R I T S  - M O L E S / l C H * * 3 * S E C ) .  
D I M F K C : U N   W D O T ( * )   A T   L E A S T   K K .  

C K W I .   C K W L   C K W L   C U N L   C K W L   C K V L  
* * * * * * * * * * * * * * * * * * * * * * ~ * * * 4 * * * * * ~ * * * *  

* * * * * * * C * * * * r * * * * e * * * * ~ * 4  
* * * * * * * * * * * * *  

S U B R O U T I N E   C K W L   ( I W O R K , W O R K , W L )  

T H I S   S U D R O U T I N E   R E T U R N S  A S E T  OF F L A G S   P R O V I D I N S   I N F O R M A T I O N  
O N   T H E   W A V E   L E N G T H  O F  P H O T O N   G A D I A T I O N .  

I N P U T  
I W O R K  - A R R A Y   O F   I N T E G E H   I N T E R N A L   W O R U   S P A C E .   T H E  I W O R K  A Q R A Y  

G 1 , V E N S I O N  I W O R U ( * I  A T  L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S  C N  T H E  K E O U I R E D   L E N G T H   O F   I W O R K .  

I N I T I A L I L E O  BY T H E   C A L L  T r )  S U B R O U T I N E   C K I N I T .  
D I M E N S I O N   W O R K ( * )  A T  L S A S T  L E N W K .  S E E  C K I N I T  F D K  
D E T A I L S   O N  THC K E O U I 9 E D   L E N G T H  OF W O 9 K .  

I S  I N I T I A L I Z E D   B Y  T H E  C A L L  T O  S U S R O U T I N E   C K I N I T .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L  W'JKK S P A C E .   T H E   W O R K   A P R A Y  I S  

O U T P U T  
WL - A R R A Y  O F  R A D I A T I O N   W A V E L E N G T H  I N F O R E A T I O N  FOR THE I I 

R E A C T I O N S .  
HC(I)= 0. Q E A C T I O N  I D O E S  N O T  H A V E   k A D I A T I G N  A S  

'dL(  1 ) x - A   P E b C T I O V  I V A L   K A D I A T I O N  OF W A V E L E N G T H  A 

W L ( I I = + A   K E A C T I O N  i Y b S  k A D I A T I O N  OF W A V E L E N G T H  A 

I F  A = 1.0 T H E N   N O   W A V E L E N G T H   I N F O R H A T I @ N   G A S   G I V E N .  

E I T H E Q  A R E A C T A N T  R P R O D U C T  

AS A R E A L T A N T  

A S  A PaooucT 

O I M E N S I O N  W C ( * )  A T  L E A S T  I 1  
U N I T S  - A N G S T Q O M S  

C K U  T C K W T   C K W T  C K W  T C KW' l   CKWT 
* * * * * * * h 4 t * * * * * * * * * * 0 " * * + + * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . .  

a********n*** 

S U B R O U T I N E   L K W T  ( I W O R K I W D R U , W T I  

T H I S   S U B R O U T I N E   R E T U R N S  I H E  M O L E C U L A R   W E I G H T S  06  T H E  S?ELIES. 

I N P U T  
I W O R K  - ARRAY OF i N T E G E R   I N T E R N A L  W O R U   S P A C E .   T H E   I W O 9 K   A R R A Y  

D I M E N S I O N   I W O R K ( * I   A T   L E A S T   L E N I W K .   S E E   C K I N I T   F O R  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H   O F   I W O X K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  IS 
1 N I T I A L I : E D  R Y  T H E  C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )  AT L E A S T  1.ENWU. S E E  C K I N I T  F'OQ 
D E T A I L S  UN T H E   R E O t J I F E D   L E N G T H  OF WORK. 

IS I N I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I W E   C K I N I T .  

Q U T P I J T  
WT - A R R A Y  OF M O L E C I J L A R   W E I G H T   F O R   T H E  K K  S P E C I E S .  

t G S  U N I T S  - G Y / M O L E .  
D I H E N S ! O N  W T ( * I  A T   L E A S T   K K .  
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C K W X P  cunxp C K W X P   C K W X P   C K W X P   C K W X P  
****************b******************** 

. . . . . . . . . . . . . . . . . . . . . . . . .  
************* 

S U B R O U T I N E   C K W X P   ( P I T I X , I W O R K , W O R K , W D O T )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A R   P R O D U C T I O N   R A T E S  O F  T H E  

R E F E R E N C E   E O U A T I O N  [ I  1 . 5 . 2 1 .  
S P E C I E S   G I V E N   T H E   P R E S S U R E ,   T E M P E R A T U R E   A N D   M O L E   F R A C T I O N S .  

I N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - M O L E   F R A C T I O N S   O F   T H E   K K   S P E C I E S .  

C G S   U N I T S  - D Y N E S / C M * * Z .  

C G S   U N I T S  - K 

C G S   U N I T S  .- N O N E .  
D I M E N S I O N  X I * )  A T   L E A S T   K K .  

I W O R K  - A R R A Y   O F   I N T E G E R   I N T E R N A L   W q R K   S P A C E .   T H E   I W O R K   A R R A Y  

D I Y E N S I O N   I W O R K I * I   A T   L E A S T   L E N I W K .   S E E   C K I ; . I I T   F O R  
D E T A I L S   C N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK S P A C E .   I H E   W O R K   A R R A Y  I S  
I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S I J B R O U T I N E   C K i N I T .  

D I M E N S I O N  W O R K ( * )  A T   L E A S ' i   L E N W h .   S E E   C Y I N I T  F O i i  
G E T A  I L S  O N   T H E   R E P U I R E D   L E N G T H  OF WORK. 

IS I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

3 U T P U T  
MDOT - A R R A Y  O f  C H E M I C A L   M O L A R   P R O D U C T I O N   R A T E S   F O R   T H E   K K  

S P E C I E S .  
C G S   I J F J I T S  - M O L E S / l C M * * 3 * S E C I .  
D I M E N S I O N  W D O T ( * I   A T   L E A S T   K K .  

I N P U T  
R H C  - M A S S   D E N S I T Y .  

T - T E M P E R A T I J R E .  

X - H O L E   F R A C T I O N S  O F  T H E   K K   S P E C I E S .  

C G S   U N I T S  - G M / C M * * 3 .  

C C S   U N I T S  - K 

C G S   U N I T S  - F!ONE. 
D I M E N S I O N   X ( * )   A T   L F A S T   K K .  

I W O R K  - A R R A Y  OF I N T E G E R   I N T E R N A L   H O R K   S P A C E .   T H C -   I W O R K   A 3 J A Y  

DIMENSIOI; I#SPK(*) A T   L E A S T   L E N I W K .   S E E   C K I N I T  FOR 
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  OF I W O R K .  

! N I T I A L I Z E O   B Y   T H E   C A L L   T G   S U B R 3 U T I N E   C K I N I T .  
D I M E N S I O N  W O R K ( * )  A T   L 5 A j T   C E N W K .  S E E  C K I N I T  F O R  
D E T A I L S   C N   T H E  REPUIHE;I, L E N G T H  O F  WORK. 

1 5  I ' I I T I A L I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

WORK - A R R A Y  O F  R E A L   I N T E f i N A L  WORK S P A C E .   T H E  WOaK A R I ' P I  I C  

O U T P U T  
WDOT - A R R A Y  OF C H E M I C A L   M O L A R   P R O D U C T I O N   R A T E S   F O R   T H E   K K  

S P E C 1  E S .  
C G S   U N I T S  - M O C E S / l C M * * 3 * S E C l .  
D I M E N S I O N   M O O T ( * )   A T   L E A S ?   K K .  
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C K W Y P   C K W Y  P CKWY P CKW  YP  CKWYP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

e * * * * * + * * * * * *  
S U B R O U T I N E   C K W Y P   I P , T , Y ~ I W O R K ~ W O R K ~ W O O T )  

T H I S   S U B R O U T I N E   R E T U R N S  THE M O L A R   P R O O U C T I O N   R A T E S  

F R A C T I O N S .   R E F E R E N C E   E Q U A T I O N  ( 1 1 . 5 . 2 1 .  
OF T H E   S P E C I E S   G I V E N   T H E   P R E S S U R E ,   T E M P E R A T U R E   A N @   M A S S  

C K W Y P  

O U T P U T  
HD0.f - A R R A Y  O F  C H E M I C A L  H O L A i ?  P R O C ! J C T I r 3 N   R A T E S  FClK T H E   K Y  

S P E C I E S .  
C G S   U N I T S  - M O L € S / ( r , V * * 3 * S E C  I .  
D I M E N S I O N  W D C T ( * l   A T   L E A S T   K K .  

I N P U T  
P - P R E S S U R E .  

T - TEMPEr!AT!JRE. 

Y - A R R A Y  O f  M A S S   F R A C T I O N S  C F  T H E   K K   S P E C 1  E S .  
C G S   U N I T S  - N O N E .  
D I Y E N S I O N  Y ( * )   A T   L E A S T   K K .  

C G S   U N I T S  - D Y N E S / C M * * 2 .  

C G S   U N I T S  - K 

I W O R K  - ARRAY OF I N T E G E R   I N T E R N A L   W O R K   S P A C E .   T H E   I U O R K   A k ; I A Y  
I S  I N I T I A L I Z E D  BY T H E   C A L L   T O   S G S q O U T I N E   C K I N I T .  

D I M E N S I O N   I W O R K ( * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T  FnR 
D E T A I L S  OF.1 T H E   R E Q U I R E D   L E N G T H   O F  I U O K K .  

WORK - A R R A Y   O F   R E A L   I N T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  1 5  
I N I T I A L I Z E D   B Y   T H E   C A L L  T O  S i . I B % O U T I N E   C K I N I T .  

D I M E N S I O N  W O R K ( * )  A T   L E A S T   L E N W K .  S E E  C K I N I T  F O X  
D E T A I L S   O N   T H E   R E Q U I R E D   L E N G T H  Gi: WCIRK. 

O U T P U T  
wDOT - O C Q A Y  O F   C H E H I C A L   M O L L F :   P i ( 0 D i l C T I O N   Q A T E 5  FOX T h E  r(r( 

S P E C I E S .  
C G S  UNITS - M O L E S / ( C M * * ~ * S E C ) .  
D I M E N S I O ' J  W O G T ( * l  CT L E A S T  K K .  

T H I S   S U B R O U T I N E  R E T l r H N S  T t I E   M O L A R   P F O O U C T I n N  H A T E S  OF T H F  
S P E C I E S   G I V E N   T H E   M A S S   O E N S I T Y ,   T t M P E P A T U R E   A N 0   M A S S  
F R A C T I O N S .   R E F E R E N C E  E O U A T I O N  ( 1  1 . 5 . t ) .  

I N P U T  
RHO - M A S S  D E N S I T Y .  

C G S   U N I T S  - G M / C M * * 3 .  
T - T E M P E R A T U R E .  

C G S  I J N I T S  - K 
Y - A R R A Y  O F  M A S S  F R A C T I L ' N S  O F  T H E   K K  S P E C I E S .  

C S S   U N I T S  - N D N E .  
D I Y E N S I O N   Y ( * )   A T   L E P S T   K k .  

I W O R K  -. A R R A Y  CF T N T E G E R   I N T E R N A L   U O Q K   S P A C E .   T H E   I W r J R K   A R Q A Y  

0 I M E N S I ' ~ N   I W C ) P K ( * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T  FOR 
D E T A I L S   O N  T H E  R C C I U I R E D  L E N G T H  OF I W O P K .  

WORK - A R R A Y  CF y E A C   I N T E R N i L  W O R K   S P A C E .   T H E  WORK A R R A Y  IS 
I N I T I A L I Z E 0  BY T H E   C A l L   T O   S I J B R O V T I N E   C K I V I T .  

D I M E N S I O N   W O R K ( * )   4 1 '   L E A S T   L E N W K .   S E E   C K I N I T  FOA 
D E T A I L S   O N   T H E   R E O l J I P . E O   L E K G T H  OF U O R K .  

I5 I N I T i   A L I  Z E D  @ Y  T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  



C K X T C P   C K X T C P   C K X T C P   C K X T C P  CY.X T C P  C K X T C P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * *  
S U B R O U T I N E   C K X T C P   ( P ~ T ~ X ~ I W O R K I W O R K I C )  

T : i I S  S U B R O U T I N E   R E T U R N S   T H E  M O L & R  C O N C E N T R A T I O N S  G I V E N  T H E  
P R E S S W ? E .   T E M P E R A T ' J R E   A N D   V O L E   F R A C T I O N S .   R E F E R C N C E   E Q U A T l J N  
111.3.5l 

1 N P U T  
P - P R E S S U R E .  

T - T E M P E R A T U R E .  

X - H O L E   F P A C T I C N S  Oc T H E   K K   S P E C I F S .  

C G S   U N I T S  - D Y N E S / C H * * 2 .  

C G S   U N I T S  - K 

C G S  U N I T S  - 8 f l N E .  
D I M E N S I O N  X ( * )  A T   L E A S T   K K .  

I W O K K  - A R R A Y   O F   I N T E G E R   I N T E R N A L  WORK  SPACE.  THC I W O R K  A 4 Q A Y  

D I M E N S I O N   ! W O R K ( * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T  & O h  
D E T G I L S   O N  THE 8 E O U I R E D   L E N G T H  O F  IWCIRK. 

W P K  - A R R A Y  O F  R E A L   I N T E R N A L  H0P.K S P A C E .   T H E   W O R K   A R R A Y  1 5  
I N I T I A L I Z E D  BY THE C A L L  T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I C ' N   W O R K ( * )   A T   L E A S T   L E N W K .  S E E  C K I N I T  F O i i  
D E T A  I t  S @N T H E   R E O U I R E D   L E N G T H  3F WORK.  

I S  I N I T I A L I Z E 0  B Y   T H E   C A L t   T O   S U B R O U T l N ( F   C K I N I T .  

O U T P U T  
C - M O L A R   C O N C k N T R A T I O N S  OF T H E   K K   S P E C I E S .  

C G S   U h I T S  - M O L E / C M * * 3  
D I H E N S l O N  C ( * l  A T  L E A S T   K K .  

C K X T C R   C K X   T C R   C K X T C R   C K X T C R  C Y X T C P  C K X T C R  
* * * + * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * 4 *  

. . . . . . . . . . . . . . . . . . . . . . . . .  
****t.******** 

S U B R O U T I N E   C K X T C R   ~ R H O ~ T ~ X ~ I U O H K ~ W O R K ~ C I  

T H I S  S U B R O U T I N E   h E T U R ; . ( S   T H E  t!C)L,.k C U N C E N T R A T ! O Y S  G I V E I I  
THE M A S S   D E N S I T Y ,   T E M P E R A T U R F   A N D  Y 3 L E  F R A C T I U F d S .  
R E F E R E N C E   E O U A T ! O N  ( 1 1 . 3 - 6 1 .  

I N P U T  
R H O  - M A 5 S   @ E N S I T Y .  

T - T E l .   ' R A T I ! F E .  

X - MOLk F P A C T I L ' N S  O F   T H E   K K   S P E C I E S .  

C G S  U N I T S  - G H / C M * * 3 .  

C.GS U N I T S  - K 

C C S   U N I T S  - N O N E .  
? I M E N S " 2 N  X ! $ ]  A T   L E A S T   K K .  

I W U K K  - A R R A Y  OF N T E G E R   I N T E R N A L   W C R K   S P A C E .   T H E   I H O R K   A C C A Y  

D 1 M E N " O N   I W O R K l * )   A T   L E A S T   L E N I W K .  S E E  C K I N I T  F J R  
D E T A I L . ,   O N   T H E   R E Q I J I R E D   L E N G T H  3 F  I W G R Y .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK SP,' 5 .  T H E   W O R K   A R R A v  IS 
I N I T l A L l Z E D  B Y  T H E   C A L L   T O   S C e R u U T I N E   C K I N I T .  

D I M t N S I f J N   C I O R K ( * )   A T   L E A S T   L E N W K .  S E F  C K I N I T  FCI? 
D E T A I L S   C N   T H E   R E O U I R E O   L E N G T H  OF U O E K .  

IS l N I T I A , I Z E D   B Y   T H E   C A L L   T O   S U B R O U T I N E   C K l V I T .  

O U T P U T  
C - M O L A R   C O N C E N T R A T I O N S  OF T H E   K K   S P E C I E S .  

C G S  U N I T S  - M O L E / C M * * 3  
D I M E N S I O N  C I S )   A T  L E A S T  K K .  
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C K X T Y   C K X T Y  C.YX ! C Y X T Y   C K X T Y   C K X T Y  
* * * * * * * * * + + C * . * * * * * ~ h + f 1 0 + 0 t * + 0 4 t * 4 * +  

+ * * 1 ~ l t a + u t S + ~ t 4 1 1 + C + + t h t  

* r * t * 0 + 1 4 * n * *  

S U B R O U T I N E   C K X T Y   ( X ,   I W O P Y , w n + K , Y )  

T H I S   S U B R O U T I N E  R E T U R Y S  T H E  M A S S   F R A C T I O N S   G I V E N   T H E  
M O L E   F R A C T I O N S .  R E F E 9 E Y C E   E Q U C T I ~ Y  ( 1 1 . 3 . 4 ) .  

I N  P U T  
x 

! W5hK 

WORK 

IJLI r P u T  
Y 

C K Y   T C P  

- HOLE F h A C T I C N S  Or T t 1 E  K K  S P E C I E S .  
C G S  U N I T S  - t J 3 N E .  
D I M E N S I O P I  X l * I  AT L E A S T  K K .  

- ARRE,)’ O F   I N T E b E R  1NT iF : I JAL  WORK S P b C E .  T t i E  I W O R K  A R H A Y  
I S  I N I T l h L I Z F 3  JY T H E  C A L L  T O  S U O F i 3 t i T I N E  C r I N I T .  

Diti:s\IoN IW’IPK(*) A T  L E A S T  LEQIHK. S E E  CKINIT F u R  

- A R R A Y  OF R E A L   I N T E G i . l A l .  kOKK S P A C E .  THE W O Q K  A R S A Y  I S  
D E T A I L S  Ci: T H E   k E O U I F E 0   L F t J G T M   O F  I W O R K .  

I N I T I A L I Z E D  BY T H E   C A L L  T O  S U B R 3 U T I N E   C K I N I T .  
D I M E N S I O N  H r J H K ( * I  A T   L E A S T   L E N W K .  S E E   C K I N I T  F O Q  
D E T A I L S  c r i  T H F  P F O U I R E D  L E N G T b I  ‘ I F  ~ 3 2 ~ .  

- A 2 R A Y  O F  ‘ 445 ;  F H A C T I C I N C  J F  1HE K K  S P E C I E S .  
C L S  U N I T S  - N O N E .  
I ) I Y E N S I C N  Y ( ” I  A T  L E A S T   K K .  

T H I S   S U B R ( I U T I ’ 4 E  R E T I J 1 : 4 \  : ) { E  “ l I . 1 R  C C N C E N T R A T I C N S  G I V S N  
THE P R E S S U Q E .  TEHC‘‘FL’A1il‘;F A N 0  M A S S  F P A C T ! f l N S .  R E F E n E N C E  
E Q U A T I O N  ( I  I . 3 . 2 1 .  

I N F U T  
P - P R E S S U R E .  

f - T E Y P t K A T C I R E .  

Y - A R R A Y   O F  M A S S  ? Q A C T I C . N T  OF TIME K K   S P E C I E S .  
C G S  U N I T S  - N O W E .  
O I ’ I E N S I O N  Y I ’ )  A T  L Z A 5 T  K K .  

C G S  UNIT :  - DY14ES/CH* . ’2 .  

LGC, U N I T S  - K 

IWORK - A A R A Y  O F  Ird.TE(;ER I N T E R ~ ~ A L  H O R K  S P A C E .  T H E  IWORK A R ~ A ~  
I S  I N I T T A L I I E D  f l Y  T t i E  : .ALL T O  S U B R O U T I N E   C K I N I T .  

D I M E N S I O N  I W O R K ( * I  A T   L E A S T   L E N I W K .  S E E  C K I N I T  FOR 
D E T A I L S  C t l  T H E  R E Q t J I  R E D   L E N G T H  O F  I H O R K .  

WORK - A R R A Y  O F  R E A L   I N T E R N A L   H f l R K   S P A C E .  T t i E  WORK A R R A Y  IS 
I N I T I A L I Z E D  OY T H E  C A L L  T O  S U R R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * I   A T  L E A S T  L E N W K .  SLE C K I N I T   F O R  
D E T A I L S   O N   T H E   H E O I J I R E O   L E N G T H  ClF H O R K .  

OUTPLJT 
C - M O L A R   C O N C F N T R w T l O N S  O F  T H E   K K   S P E C I E S .  

C C S  U N I T S  - M O L E / C H * * 3  
D l M F V S l n N  L ( * 1  AT ILF4C: K K .  
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C K Y   T C R   C K Y   T C R   C K Y T C R   C K Y   T C R   C K Y  T C R  C K Y   T C  R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

* 4 * * * * * * * 1 * * *  

S U B R O U T I N E  C K ' I ' T C I I   ( R H O I T , Y , I W O R K , W O R K , C )  

T H I S   S U B R O U T I N E   R E T U R N S   T H E   M O L A R   C O N C E N T 9 A T I D d S   G I V E N  
T H E   M A S S  D E N S I T Y  I T E H P E S A T U R E   A N D  M A S S  F R A C T I I N S .  
R E F E R E N C E   E O U A T I C N  ( 1 1   - 3 . 3 1 .  

I L.l P U T  
R H  0 

T 

Y 

1WC)RK 

WORK 

O U T P U T  
C 

C K Y   T X  

- M A S S   O E N 5 I T Y .  
C G S  ? I N I T S  - G c l i C N * * ? .  - T E i A P E Q A T U R E .  
LGI. U N I T S  - K 

C G S   U N I T S  - N I N E .  
O I M E N S I O N  Y ( * )  A T   L E A S T   K K .  

- A R R A Y  LlF M A S S   F R A C T I O N S  J F  T H E   K K   S P E C I E S .  

- A R k A Y   O F   I N T E G E R   I N T E R N A L  W O R K   S P A C E .   T H E   I W O R K   A R R A Y  
I S  I N I T I A L I Z E D  BY T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I ; 4 E N S I O N   ! W O W K ( * )   A 7   L E A S T   L E N I W K .   S E E   C K I N I T  FOF 
U E T A I L S  ON T H C  R E Q U I R E D   L E N G T H  OF I W O R K .  - A R R A Y   O F   R E A L   I M T E R N A L  WORK S P A C E .   T H E   W O R K   A R R A Y  I5 

I N I T I A L i L E O  B Y   T H E   C A L ! .   T O   S U B R O C I T I N E   C K I N I T .  
D1HENSI:I)N W O R K ( * )  A T   L E A S T   L E N W K .  S E E  C K I N I T  FOR 
D E T A I L S   C N   T H E   R E O U I R E D   L E N G T H  OF WORY.  

- M J L A R   C O N C E N T R A T I O N S  OF T H E   K K   S P E C I E S .  
C G S   U N I T S  - M O L E / C M * * 3  
D I H E N S I ? N  C ! * l  A T  L E A S T   K K .  

I N P U T  
Y - A R R A Y  O F  : , A S S  F R A C T I O N S  OF T H E   K K   S P E C I E S .  

C G S   U N I T ? .  - NONE. 
D 1 Y E N S l r ) N  Y ( * )  A T   L E A S T   K K .  

I J O R K  - A Q R A Y   O F  1 N T E G t i i  l N T E R N A L  W O R K   S P A C E .   T H €   I W O R K   A R R A Y  

D I M E N S I O N  I W O R K l * )  A T   L E A S T   L E N I W K .  S E E  C K I N I T  FOR 
D E T A I L S   O N   T t i E   R E O U I R E D   L E N G T H  OF I H O R K .  

WORK - A R R A Y  OF R E A L   I N T E R N A L  WORK  SPACE.  T!iE W O R K   A R R A Y  I S  
I Y I T l A L l Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

D I M E N S I O N   W O R K ( * )   A T   L E A S T   L E N W K .   S E E   C K I N I T  FOR 
D E T A I L S  t N  T H E   R E Q U I R E D   L E N G T H  O F  h O R K .  

I S  I N I T I A L I Z E D  B Y   T H E   C A L L   T O   S U B R O U T I N E   C K I N I T .  

O U  T P?l T 
X - M O L E   F R A C T I P N S  C F  T t i E  K K   S P E C I E S .  

C G S   U N I T S  - " 7 N E .  
D I M E N S I O N  X; . I  A T   L E A S T   K K .  
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VII. Sample  Problem 

B e f o r e   u s i n g  CHEMKIN on  a p rob lem,   t he   use r   mus t :  1) d e f i n e  a s y s t e m   o f  

g o v e r n i n g   e q u a t i o n s ,  2 )  d e f i n e  a r e a c t i o n  mechanism,  and 3 )  choose a s o l u t i o n  

method. I n  t h i s  sample  problem we will s o l v e   t h e   e q u a t i o n s   d e s c r i b i n g   c o n s t a n t  

p ressu re   combus t ion   f o r  a hyd rogen-a i r   reac t i on   mechan ism.  The govern ing   energy  

and mass c o n s e r v a t i a n   e q u a t i o n s   a r e :  

dYk ukNk 

dt = 7- k = l....K 

where T i s  temperature  and Yk a r e   t h e  mass f r a c t i o n s   o f   t h e  K s p e c i e s  

i n v o l v e d .  The i n d e p e n d e n t   v a r i a b l e ,  t, i s   t i m e .   O t h e r   v a r i a b l e s   a r e :  p, mass 

d e n s i t y ,  TP, mass we igh ted  mean s p e c i f i c   h e a t   a i   c o n s t a n t   p r e s s u r e ,   h k ,   t h e  

s p e c i f i c   e n t h a l p i e s  o f  t he   spec ies ,  $, t h e   m o l a r   p r o d u c t i o n   r a t e s   o f   t h e  

spec ies ,   and W k ,  t h e   m o l e c u l a r   w e i g h t s   o f   t h e   s p e c i e s .  

The g o v e r n i n g   s y s t e m   o f   o r d i n a r y   d i f f e r e n t i a l   e q u a t i o n s   f o r m s  an i n i t i a l  

v a l u e   p r o b l e m .   S o l u t i o n   o f   t h e   e q u a t i o n s  will be v i a  the  code LSODE(6) 

w r i t t e n  by A1 an  Hindmarsh. We f i n d   t h i s   c o d e   t o  b e  hi!;nly r e 1   i a b l t :   f o r   t h e  

s o l u t i o n  o f  v e r y   w i d e   r a n g e   o f   s t i f f   i n i t i a l   v a l u e   p r o b l e m s .  

The FORTRAN code f o r   s o l u t i o n   o f   t h e  sample  problem i s  g i v e n   b e l  ow i n  

S e c t i o n  3. A f t e r   i n i t i a l i z i n g  CHEMKIN, t h e   c o d e   r e a d s   t h e   i n i t i a l  mass 

f r a c t i o n s   f r o m   i n p u t .  I t  t h e n   r e p e a t e d l y   c a l l s   s u b L - o u t i n e  LSODE t o   o b t a i n   t h e  

s o l u t i o n   a t   u n i f o r m   p r i n t   i n t e r v a l s .  The g o v e r n i n g   e q u a t i o n   - f o m l u l a t i o n   i s  

found i n  SUBROUTINE FUN w h i c h   i s   c a l l e d  by LSODE. 

The f o l l o w i n g   s e c t i o n s   p r e s e n t   i n   c h r o n o l o g i c a l   o r d e r   t h e   i n p u t   r e q u i r e d  

and  the  output   produced  by  the  codes.  The l a s t   s e c t i o n   l i s t s  a b r i e f   d e s c r i p t i o n  

o f  t h e   c a l l  sequence f o r  LSODE. T h i s  i s  needed to   unders tand   t he   samp le  

problem  coding.  The Thermodynamic  Data  for   the  problem  are  taker :   f rom  the  Data 

Base  g iven i n  Appendix B .  
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1. I n p y t  t o  INTERPRETER 

ELEMENTS 

END 
SPECIES 

END 
REACT I O N S  
H 2 + 0 2 = 2 0 H  
H2+OH=H20+H 
H+O2=OH+O 
O+H2=OH+H 
H+02+M-H02+M 

H Z 0  / 2 0 . /  
CH+HO2-H20+02 
H+HO2=20H 
O+H02=02+OH 
2OH=O+H20 
H2+M=2H+M 

H21)/5/  
02+M=20+M 
H+OH+M=HZO+M 

H O N  

HZ 0 2   N 2  t i  0 N OH H02 H20 NO 

~ 1 0 / 2 0 . 0 /  
H + H O ~ = H ~ + O ~  
O+N2=NO+N 
N+O2n NO+O 
DH+N-NO+H 
END 

1 - 7 E 1 3  
5 . 2 E 1 3  

1 . 2 2 E 1 7  
1 . 8 E l O  
2 . 0 E 1 5  

1 . 2 E 1 3  
6.OE13 
1 .OE13 
1. ? E 0 6  

2 . 2 3 E 1 2  

1 . 8 5 E l l  
7 . 5 E 2 3  

1 . 3 E 1 3  
1 . 4 E 1 4  
beCEO9 
4 .OE13 

0.000 
0.000 

- 0 . 9 0 7  
1.000 
0.000 

0.000 
0.000 
0.000 
2 . 0 3 0  
0 . 5 0 0  

0 . 5 0 0  
- 2 . 6 0 0  

0.000 
0.000 
1.000 
0.000 

477 80. 
6 5 0 0 .  

1 6 6 2 0 .  
8 8 2 6 .  
- 8 7 0 .  

0. 
0. 
0. 

-1 ;90 .  
9 2 6 0 0 .  

9 5 5 6 0 .  
0. 

75800. 
0. 

6 2 8 0 .  
0. 
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-- 2. O u t p u t  f rom INTERPRETER 

OUTPUT FROM INTERPRETER 

ELEMENTS  CONSIOEREO 

ELFMENTS A T O M I C  WEIGHT 

1. n 
2.  0 
3 .  N 

SPECIES  CONSIDERED 

1 . 0 1  

1 4 . 0  
1 6 . 0  

SPEC 1 E S  

1. HZ 
2. 02 
3.  N2 

6. N 
5. 0 

7 .  OH 
8 .  HOZ 
9 .   H20  

4 .  n 

10. NC 

P H A S E  CHARGE 

G 
G 

0 
0 

G 
G 0 

t 
0 
0 

C 0 
G 0 
G 
G 

0 
0 

G 0 

R E A C T I O N S  C O N S I D E R E D  

MOLECUL AR WEIGHT  LOU TEMP 

3 1 . 9 9 8 8  
2 . 0 1 5 9 4  

2 8 . 0 1 3 4  

1 5 . 9 3 9 4  
1 .DO797 

1 4 . 0 0 6 7  
1 7 . 0 0 7 4  
3 3 . 0 0 6 8  
1 8 . 0 1 5 3  
3 0 . 0 0 6 1  

300.00 

300.00 
300.00 

3 0 0 . 0 0  
300.00 
300.00 
300.00 

3 0 0  .OO 
3 n c .  00 

3 0 0 . 0 0  

1. 
2. 
3.  
4 .  
5. 

6. 
7.  
8. 
9.  

1 0 .  

11. 
1 2 .  

1 3 .  
14 .  
1 5 .  
1 6 .  

~ 2 4 0 2 - 2 0 ~  
H Z + O H - H ~ O + H  

O + H Z - O H + H  
H + 0 2 * O H + O  

H+02SM=H024M 

H + H O I = ~ O H  
O H + H 0 2 - H 2 0 + 0 2  

O + H 0 2 = 0 ? + O H  
2 O H * O + H t O  
HZ+M=ZH+M 

0 2 + M = 2 0 + M  

H Z O  

HZ 0 

H + O H + M * H Z O * M  
142 0 

O+N2=NO+N 

OH+N-NO+d 

H + M O ~ - N + O ~  

N+O~.NO+O 

ENtlAfiCEO B Y  2 . 0 0 0 E + 0 1  

ENHANCED ay ~ . O I ) O E + O O  

ENHANCED B Y  2 . 0 0 0 E 4 0 1  

1 7 7  

H I G H  T E M P  HI0 T E M P  

5 0 0 0 . 0 0  
5 0 0 0 . 0 0  
5 3 0 3 . 0 0  

5 0 9 0 .  GO 
5 0 0 0 . 0 0  

50JO. 00 
5 0 0 0 . 0 0  
5 0 0 0 . 0 0  
5 0 0 0 . 5 0  
5000.00 

1 0 0 0 . 0 0  
1 3 0 3 . 3 0  
1 0 0 0 . 0 0  

1 5 0 0 . 0 0  
1000.00 

1 0 0 0 . 0 0  
1000.00 

1300.00 
1 0 0 0 . 0 0  
1 ooc. 00 

H O N  

0 2 0  
2 0 0  

0 0 2  

0 1 0  
1 0 0  

3 0 1  
1 1 0  
1 2 0  
2 1 0  
( i l l  

ElEMENT COUNT 

P R E  E X P  TEMP EXP A C T  ENG 

.17OF+14 

. 5 2 O E + 1 4  

. 1 2 2 E + 1 8  

. 1 8 0 ~ 4 1 1  . Z O O E  +1 6 

. 1 8 5 E * 1 2  

. 7 5 0 E 4 2 4  

0. 

-. 9 0 7 0 0  
0. 

2.0000 
G. 

0. 
0. 
0. 
2.0300 
. 5 0 0 0 0  

- 2 . 6 0 0 0  
,50000 

4 7 7 8 0 .  
6 5 0 0 . 0  
1 6 6 2 0 .  
8 8 2 6 . 0  

- 8 7 0 . 0 0  

0. 
0. 
3 .  

9 2 6 0 0 .  
-1 1 9 0  0 

9 5 5 6 0 .  
0. 

. 1 4 0 E + 1 5  
. 1 3 0 E + 1 4  

.640E + l o  

. 4 0 0 E + l 4  

0. 

1.0000 
0. 

0. 

0. 

6 2 8 0 . 0  
7 5 8 0 0 .  
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3. U s e r ' s  FORTRAN Code 

L 
c 
r. 
C 
C 
C 
C 
C 
C 
C 
C 
C 

P R O G R A M  C K S A M P ( I N P U T , O U T P U T r T A P E 9 5 , T A P E 6 1 0 U T P U T r T A P f ~ - I N P U T )  
D I M E N S I C N   Y ( 1 0 )  ~ Z ( l 1 ) , K S Y M ( 1 0 ~ 1 0 1 ~ 1 S Y M R ( l @ ~ ~ E L U R K ( 2 4 2 1  q I E L W R K ( 3 1 )  
C O M M O N / W R K / I W O R K ( 5 1 0 I   v W O R K ( 3 8 6 )  
C O ~ M O N / P A R A M / K K * P , R U t W T ( 1 0 )  
E X T E R N A L   F U N  
D A T A   L I W * L R W / 3 1 , 2 4 2 /  
D A T A   L E N W K , L E N I W K / 3 8 6 , 5 1 0 /  
D A T A   N K , N L M A X / 5 , 5 5 /  
D A T A   L O U T   v L I N K / 6 r  95/ 

T H E   I N D E P E N D E N T   V A R I A B L E  IN T H I S   P R O S L E M  IS T I M E .  
T H E   D E P E N D E N T   V A R I A B L E S   I N   T H I S   P R O B L E M   A R E   T E M P E R A T U R E t T   A N D  
M A S S  F R A C T I C N V Y I K ) .   H O W E V E R   T H E   O D E   S O L V E R  IS D E S I G N E D   T O   S O L V E  
S Y S T E M S   O F   T H E   F O R M  D L / O X  * F ( X , Z I  T H E R E F O R E   T H E   D E P E N D E N T  
V A R I A B L E S   M U S T   3 E   P U T   I N T O  A S I N G L E   V E C T O R  2. YE  H A V E   D E F I K E D  

XIT IME 
Z ( 1 ) - T  
Z ( K + l I = Y ( K )  

I N I T I A L I Z E   C H E M K I N  
r 
L 

C A L L  C K I N I T ( L E N I W K ~ L E N W K ~ L I N K I L O U T t l W 0 R K ~ W O R K ~  
c 
C O B T A I N   I N F O R M A T I O N   O N   S P E C I E S   A N D   R E A C T I O N S   F R O M   C H E M K I N  
L 

C A L L  C K I N D X ( I W O R K ~ W O R K ~ M M , K K ~ I I , L E N E L ~ L E N S Y M ~ ~ F I T )  
C A L L  i K S Y M S ( L E N S Y H ~ I W O R K , W O R K I K S Y H )  
C A L L  C K R P ( I W O R ~ , ~ O ~ K , R U , R U C , P A T M )  
C A L L  C K W T (  I W O R K , W O R K , W ~ )  

L 
C I N I T I A L I Z E   A L L  M A 5 S  F R A C T I O N S ,   Y ( K ) .   T O   Z E R O  
C 

DrJ 10 K x l   v K K  
Y ( K ) = O . O  

10 C O N T l N U E  
c 
C R E A 0   N O N - Z E R O   I N I T I A L   M A S S   F R A C T I O N S   F R O M   I N P U T  
C 

DO 2 0  L S l t K K  
REbD(5,7500l( I S Y M R l " ) , M l l , C E N S Y H I r Y I N  
I F ( I S Y M R ( l ) . E 0 . 1 H  I GO T O  2 5  

c L O O K   F O R  A S P E C I E S   M A T C H  

C 
:JI; ! 5 E !, c K. K 

C O M P A R E   I N P U T   S P E C I E S   N A M E S   W I T H   T H O S E  IN C H E H K I N  
C A C ?   C K C O N P ( L E N S Y M * K S Y M ( l t K )   , I S Y M R , I S A M E I  
I F (  I S A Y E . E Q . 1  )GO T O  17 

PR I i.! T 77 00 
C A L L   E X I T  

1 5  C O N T I Y U E  

.. 
j, S P E C I E S   M A T C H   F O U N D ,   S E T   I N I T A L  M A S S  F R A C T I O N  

17 C 3 N T I N U E  
Y (  K 1   = Y I N  

20  C O N T I N U E  
2 5 C O N T  I N U E  

L 
C S E T   P R E S S U R E q P ,   A N D   l N I T I A L   T E M P E R A T U R E , T .  
C 

T =  1200. 
P = l . O * P A T M  

C 
C S E T   I N I T I A L   T I M E q F I N A L   T I M E ,   A N D   P R I N T   I N T E R V A L  

T 1 = 0 .  

D T = l .   E - 3  
T 2 ~ 1  E - 2  

178 



C 
C   S E T   T H E   I N T E G R A T I O N   C O N T R O L   P A R A M E T E R S  FOR L S O D E  

N E Q = K K + l  
HF 122 
I T O L = l  
I O P T = O  
R T O L - 1 .   E - 4  
I T A S   K - 1  
A T O C a 1 . E - 1 5  
I S T A T E - 1  

L 
C   S E T   I N I T I A L   C O N O I T I O N S   I N T O   T H E  2 V E C T O R  
C 

Zll ) = T  

Z ( K + l I - Y ( K I  

l T l = T l  
T T 2 =   T l  
N L I N E S - N L M A X + l  

DO IO0 K x l r K K  

100 C O N T I N U E  

L 

C P R I N T  P A G E  H E A D I N G  
C 

N L  I N E  Sa0 
W R I l E t 6 ~ 7 0 0 3 )  
DO 200 K l f l r K K v N K  
K Z = K l + N K - l  
I F I K Z . G T . K K ) K Z = K K  
I F  ( K 1   a G T . 1   ) G O  70 180  
W R l T E ( 6 , 7 1 0 0 1  ( ( K S Y H ~ L r K I r L = l r L E N S Y N l ~ K ~ K l ~ K 2 1  
N C I i i E S - N L   I N E S + l  
G O   T O  200 

1 8 0   C O N T I N U E  
U R I T E ( 6 ~ 7 1 1 0 1  (IKSYM(C,K),C=l,LENSYMI,KXKl,K2) 
N L I N E S * N L I N E S + l  

200 C O N T  I FiUE 
C 

C 
C P R I N T   T H E   S O L U T I O N  

2 T O  C O N 1   I N U f  
00 30C K l P l r K K , N K  
K 2 = K l   r N K - 1  
I F ( K 2 . G T . K K ) K Z x K K  
I F t K l . G T . 1 .   I G O   T O  280 
W R I T ' . ( 6 r ' ~ 1 0 5 ) T T 1 , T r l Y ( K l  r K = K l r K 2 )  
N L I N E S = N L I N E S + l  
GO  TO 300 

2 8 0   C O N T I N U E  
W R I T E ( 6 , 7 1 1 5 1 ( Y ( K ) r K = K l , K 2 )  
t ; L i % E S = N L I N E S + l  

300 C O N T l N U E  
C 
C C A L L   T H E   D I F F E R E N T I A L   E O U A T I O N   S O L V E R  
C 

T T 2 = Y T 2 + D T  
C A L L  L S O D E I F U N r N E Q ~ Z ~ T T l ~ T T 2 r I T O L , R T O L ~ R T O L ~ A T O L ~ I T A S K ~ I S T A T E ~ I O P T ~ E L U R  

l K , L R W , I E L U R K , L I W r J A C , M F )  
T = Z (  1: 

Y ( K I = Z ( K + l l  
DO 400 k = l , K K  

400 C O N T  I N U E  
I F ( T T l . L T . T Z I G 0   T O  2 5 0  
C A L L   E X I T  

C 

L 
C I N T E G R A T  I C N   L O O P  
C 

2 50 C O N T  I N U E  
I F ( N C I N E S . L T . N L M A X I G 0   T O   2 7 0  

1 7 9  



C FORMATS 
L 
7003 FORHAT(lH1 I 
7100  FORMAT(3X*6iiT(SECI , 6 ~ r 6 H T M P I K l , 6 X , 5 ( l X ~ l O A l l  I 
'1'105 FORMAT(12E11.31 
7110  FORMAT(27X,5(1X,lOAl~l 
7115  fORYATI22X,lOE11.3) 
7500 fORMAT(IOAl~E1O.OI 
7700 FO R M A T ( l O X ~ 5 0 H I N I ? l A L  M A S S  FRACTION  GIVEN  FOR  AN  UNKNOWN  SPECIES) 

END 

SUBROUTINE  FUN(NeTIME,L,ZP) 
DIMENSION  LlNl,ZFINl 
COMMON/WRK/IWORK(510I  ,WORK13861 
C O H M O N / P A R A H / K K , P , R U I W T I 1 D )  
C9MMON/DUM/WOOT  (10) 9 li( 10 1 

r 
L 

C VARIABLES  IN 2 ARE 
C Z l I l = T 
C L(K+lI=Y(Kl 
L 
C CALL  CPEMKIN  SUBROUTINES 
r 

L 
SUH.0. 
03 130  K111KX 
SUH=SUM*H I K I *HDOT ( K 1 *'AT( K I 

iP(Al=-SUl4/lRHti*CPF~ 

L P l K + l I = ~ D O T I K I * ~ T I K ~ / R ~ U  
200 CO'JT !NU€ 

HETURN 
END 

133 C O Y 7  I NUE 

00 Z O O  Kx1,KK 
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3 .  I n p u t  t o  FORTRAN Code 

t i2   0 .0283  
02 0 .226  
N2 0 . 7 4 5 1  

5.  O u t p u t  f r o m  F O R T R A N  Code ___- - 

T (  S E C )  

0. 

. i00E-OiI 

.2OOE-02 

.300E-02 

.400E-02  

.500E-02 

.600E-02 

.700€-02  

.800E-02 

.900E-02 

T M P ( K )  

. 100E+04  

.269E+04 

.269E+04 

.268E+O4 

.268E+04 

. z 6 a ~  t o 4  

. 2  686  +a4  

.2bAE+04 

.268E+O4 

.268E+04  

t i2  
N 

.283E-01 

.297E-02  

.297E-06 
,2996-  02 
. 42  BE-Oh 
.301E-02 
.513E-06  
.303E-02 

567E-Ob 
.304E-02 
e 600E-06 
.304E-02 . 62 OE-06 
L 3 05E-  02 . 652 E-Oh 
.305E-02 
. 6 3 9 € - 0 6  
. 3 0 5 € - 0 2  
.644E-06 

0. 

02  
OH 

. 2 2 6 i + O O  

.177E-01 

.149E- 01  

.169E-01 

. 1 4 6 E -   0 1  

.164E-01 

.144E-01 

.160E-01 

.143E-01 

.158€-01 

. 142E-01  . 1 56E- 0 1  

.142E-0: 

.155E-01 

.155E-01 

.I'tlE-Ol 
,155E-01 
.141E-01  

0. 

-1 41E-01 

N2 
ti02 

.746E+00 

. 145E+00 

.379E-O5 

.744E+OO 

.363E-O5 

.743E+00  

.743E+@0 

.344E-05 

.742f+L)O 

.742E+OO 

. 3 3  7E- 05  

0. 

3 5 1  E-05 

340E-0 5 

* 7 4 2 E + 0 0  
- 3 3  5E-05 
.742E*00  
.33  4E-05 
.742E+00  
.33 4E- 05  

ti 
n 2 0  

0. 
0. 

.434E-03 

.215E+00  

.429 E-03 

. 2 1 5 € + 0 0  

.427E-03 

.214E+00 

.426 E-03 

.214E+09 

.425E-03 

.214E+00 

.424  E-03 
214E+00  

.42 4 E-03 

.214€+00  

.424E-03 

.214E+00 

.424E-03 

.214E+00 

0 
NO 

0 .  
0. 

,266E-02 
-204E-02  
- 2 5 6 E - 0 2  
.422E-G2 
.249E-02 
.577E-02 

.680E-02 

.243E-02 
-746E-02  
. 2 4  I € - 0 2  
-787E-02  

240E-02 
.613€-@2 
.239E-02 
.828E-02 
.239C-02 
.838€-02 

245E-02 
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6 .  Comments on Use of  LSODE 

S U B R O U T I N E   L S O D E   ( F ,   N E Q ,  Y e  TI T O U T ,   I T O L ,   R T O L ,   A T C L r   I T A S K ,  
1 I S T A T E ,   I O P T t   R W O R K ,   L R W t   I W O R K ,  LIWv J A C ,   M F I  

E X T E R N A L   F I   J A C  
I N T E G E R   N E O I   I T O L ,   I T A S K ,  I S T A T E ,  I O P T t   L R W ,   I W D R K t   L I W I   M F  
R E A L  Y , T ,   T O U T  t R T O L   A T O L s  R Y O R K  
U i M E N S I O N   N E Q ( 1  l 1  Y ( 1 ) .   R T O L ( 1 1 ,   A T O : ( l l ,   R W O R K ( L R W I ,   I W O R K ( L I W 1  

C T H I S  IS THE J A N U A R Y  2 1 ,  1980 V E R S I O N   O F  

c-------------.----------------------------------------------------- 

C L S O D E . .   L T V E R r ( y ” E   S C L V E R  FOR O R D I N A R Y   D I F F E R E N T I A L   E Q U A T I O N S .  

C 
C C S D D E   S O L V E S   T H E   I N I T I A L   V A L U E   P R O B L E M   F O R   S T I F F  OR N O i I S T I f F  
C S Y S T E V S   O F   F I R S T   O R D E R   O D E - S t  
C O Y / D T  * F (1 r Y I  OR v I N  C O M P C I N E N T   F O R M ,  
C D Y ( I I . ’ D T  >.(I) F(I,T,Y(llrY(ZI,...rY(NEOI) ( 1  l v . . . v N E Q I .  
C L S O D E  I S  A P A C K A G E   B A S E D   O N   T H E   G E A R   A N D   G E A R B   P A C K A G E S ,   A N D  ON T t i E  
C Q C T O B E R  23, 1 - 7 8  V E R S I O N  OF T H E   T E N T A T I V E   O D E F A C K  USER T N T E P f ’ l a J f  
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C I S T A T E  = 
c I ~ P T  1 
C RWORK * 
C 
C 
C 
C L R W  = 
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T O   M O O I F ' I  A C H E H K I N   S U B R O U T I N E  OR T O   W R I T E  NEW 

D I R E C T L Y .   T H E   S T A R T I N G   A D D R E S S E S  F O R  J N F O R t 4 A T l O N  
S T O R E D  I N  T H E   W O R K   A R R A Y S  A R E  F O U N D  1 F I  T H E   L A B E L E D  C O Y M O N  
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1 N C P l * N C P Z , N C P Z T Z ?  IMH, IKHv I N C ,  I P H ,  ICH, INUt I N K ,  
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3 N A A e N A I  r N R A t N R B , K R E t H R U t N R C , N P A , N K l t N K 2 , N K 3 , N K ~  

I N D E X   C O N S T A N T  5 .  

NMH - N U M B E R   O F   E L E M E N T S  
N K K  - N U M B E R   O F   S P E C I E S  
NII - N U M B E R  OF R E A C T I O N S  
N M A X S P  - M A X I M U M   N U H D E R   O F   S P E C I E S  I N  A N Y   O N E   R E A C T I O N .   U N L E S S  

C H A N G E D   I N   T H E   I N T E R P R E T E R   N M A X S P - 6 .  

A L L W E 0  IN A N Y   O N E   R E A C T I O N .   U N L E S S   C H A N G E 0  I N  THE 
I N T E R P R E T E R   N M A X T B - 6 .  

N L E N E L  - N U M B E R  OF A 1  HOLLERITH S Y M B O L S  I N  t t i t  E L E H E N T   N A M E S .  
U N L E S S   C H A N G E D   I N   T H E   I N T E R P R E Y E R  NLENEL=Z. 

U N L E S S   C H A N G E D  I N  T H E   I N T E R P R E T E R   N L N S Y H r l O .  

U N L E S S   T H E   T H E R H O O Y N A M I C   D A T A   B A S E  IS C H A N G E D ,  A N D  THE 

N M A X T B  - M A X I M U M  N U M D E R  O f  E N H A N C E D  TH!RD B O D Y   E F F I C I E N C  I E S  

N L N S Y M  - N U M B E R   O F   A 1   t i O L L E R I T H   S Y M B O L S  I N  TEH S P E C I E S   N A M E S .  

N T H C F  - N U M B E R   O F   P C L Y N O M I A L   C O E F F I C I E N T S   T O   F I T S   O F   C P / R .  

I N T E R P R E T E R  I S  C H A N G E D   N T C H F = 5 .  
N C P l  - N T H C F  + 1 
N C P Z  - N T H C F  + 2 
N C P 2 T 2  - Z * ( F i C P Z I .   T O T A L   N U H O E R  O F  T H E R M O D Y N A M I C   F I T  

C O E F F I C I E N T S  F'OR B O T H  T E M P E R A T U R E   R A W G E S .   U N L E S S  
C H A N G E D   N C P Z T Z  ~ 1 4 .  

S T A R T I N G   A D D R E S S E S   F O R  ThE I N T E G E R   W O R K   S P A C E ,  I W O R K .  

I M H  - I W O R ~ ~ I H H + ~ M - 1 l * N L E N E L + L - l l  I S   T H E   L T H   A 1   H O L L E R I T H  
C H A R A C T E R  FOR T H E   M T H   E L E M E N T  

C H A R A C T E R   F O R  THE K T H   S P E C I E S .  

E L E M E N T  M I N  S P E C I E S  K. 

P H A S E   O F   E A C H   S P E C I E S .  
I W O R K ~ l P t i + K - l I = - l   S P E C I E S  K I S  SCJCID 

I K H  - IWORKIIKH+(K-ll*NLNSYM+L-l) IS THE L T H  A 1   H O L L E f i I T H  

I N C  - I U O R K ~ I N C + ~ K - l ~ * N H M + H - l l  IS T H E   N U M B E R  OF A T O M S  OF 

I P H  - S T A R T I N G   A D D R E S S  OF T H E   A R R A Y  OF F L A G S   I N D I C A T I N G   T H E  

* 0 S P E C I E S  K I S  G A S  
= + I  S P E C I E S  K IS L I O U I D  



I C  H 

I N U  

I N K  

I N S  

I T 8  

- S T A R T I P ;   A D D R E S i   O F   T H E   A R R A Y   O F   T H E   E L E C T R O N I C   C H A R G E  
OF E A C H   S P E C I E S .  

I W O R K ( I C H + K - 1 1 = - 2   M E A N S   T H A T   S P E C I E S  K H A S   T W O   E X C E S S  
E L E C T R O N S .  

S T O I C H I O M E T R I C   C O E F F I C I E N T S  OF T H E   R E A C T I O N S .  
I Y O R K ( I N U + (   ; - l l * N M A X S P + L - l )  i s  
T H E   L T H   S T O I C H I O M E T R I C   C O E F F I C I E N T  IFi R E A C T I O N  
I .  T H E   S P E C I E S   N U M B E R S  OF T H E S E   C O E F ’ I C I E h T S  
A R E   S T O R E D   B E G I N N I N G   A T   I N K .  - S T A R T I N G   A D D R E S S   O F   T H E   M A T R I X  OF S P E C I E S  
N U M B E R S   O F   T H E   N O N - Z E R r )   S T O I C H I O M E T R I C  
C O E F F I C I E N T S   O F   T H E   R E A C T I O N S .  
I W O R K ( I H K + i I - 1 ) + N N A X S P + L - l ~  I S   T H E  
S P E C I E S   N U M 8 E R  OF T H E   L T H   N O N - Z E R O  
S T O I C H I O M E T R I C   C O E F F I C I E N T   I N   R E A C T I O N  1. - I H O R K ( I N S + I - l I  IS T H E   S U V K A T I O N   O F  
5 T O I C H I 3 M E T R I C   C O E F F I C I E N T S   I N   R E A C T I O N  I .  

FOR E X A K P L E  9 

- S T A R T I N G  A D D R F S S  OF T H E   M A T R I X   O F   Y O N - Z E R O  

( S E E S  F O R   E X A M P L E ,   E O I I I . 5 . 7 1 1 -  - S T A R T I N G   A D D R E S S   O F   A N   A R R A Y   O F   F L A G S  
C 3 N C E R N I N G   T H I R D   8 0 D I E S   I N   T H E   R E A C T I O N S  
I Y O R K ( I T B + I - 1 ~ * - 1   R E A C T I O N  I D O E S   N O T  

C O N T A I N  M A S  A T H I R G  B O D Y  
= 0 R E A C T ! O N  I C O N T A I N S  N A S  A T H I R O  

B O D Y   B U T   N O   E N b ! A N C E G   T H I R D  
B O D Y   E F F I C I E N C I E S   A R E   G I V E N  

= N R E A C T I O N  I C O N T A I t 4 S  N AS A T H I R D  
B O D Y   A N D  N E N H A N C E D   T H I R D  BODY 
E F F I C I E N C I E S   A R E   G I V E N  

I R V  - S T A R T I N G   A D D R E S S   O F   F L A G S   C C N C E R N I N G   T H E  
R E V E R S I B I C I T Y   O F   I H E   R L A C T I O N S .  
I W O R K ~ I R V + I - l ~ = + N   R E A C T I C N  1 I S   R E V E R S I B L €   A N D  

C O N T A I N S  N N G N - Z E R O   S T O I C H I O H E ~ R I C  
C O E F F I C I E N T S .  

C O N 7 C l P 5  N t J O N - Z E R O   S T ~ l C H I O M E T G I C  
C O E F F I C   I S N T S .  

a - N   R t 4 C T   : E N  I IS I H R E V E G S I B L E   A N D  

I N N  - I U O R K l I N N + l - l )  1 5  T H E   N L : ? 4 3 E R  OF R E A C T A h T  S P ! ! C I F S  I N  
R E A C T  ION I I 1  .E - *LJ l JHBER O F   N E G A T I V E  
S T O I C H I O M E T R I C   C O E f   F I C I Z N T S I .  

N U M B E R S   C O R R E S P O N D I N G   T O  THE E N H A N C E D  T H I R D  
8 O O Y   E F F I C I E N C Y   F A C T O R 5  \4H!CI(  A Q E  S T O R E D  
A T  WORK ( N A I  I .  
IWORKlI)riTtlI-1ILh“P.XTC”L-.~) : S  T H €  
S P E C I E S   N U M B E R  OF T H E   L T H   E N H A V C E D   T H I R D  
B D D Y   E F F I C I E N C Y   F A C T O R .  

1 N T  - S T A R T I N G   A D D R E S S  GF l H €  M A T R I X  OF S P E C I E S  

S T A R T I N G   A D D R E S S E S  F O R  T H E  P.EAL d O R K  S P A C E S  WORK. 

NAW 
rJWT 
NUL 

NT L 

N T H  

N T  I4 

- W O R K ( N A W 5 . M - 1 )  I S  T k i E   A T O M I C   W E I G H T   O F   E L E M E N T  H - W O H K ( N W T + X - 1 1  IS T H E   H O L E C U L A R   U E I G M   O F   S P E C I E S  K - S T A R T I N G   A D D R E S S  OF THE W A V E L E N G T H   I N F O R I ‘ A T I O N  
F O R  T H E   R E A C T I O N S .  
# O R K ( l 4 W L + I - l l  = 0 .  R E A C T 1 0 1 4  i DGES NOT C O N T A I N   A N   H V  

= - A .   R E A C T I O N  I C O N T A I N S   R A D I A T I O N  

= + A .  R E A C T I O N  I C U N T A I N S   R A D I A T I O N   O F  
OF W 4 V E L E N G T H  A AS A R E A C T A N T .  

W A V E L E I i G T t i  A A S  A P R O D U C T .  
I F  A l l . 0  N O   W A V E L E N G T H   I N F O H K A T I O N  W A S  G l V E N .  - U O R K ( N T L + K - l !  IS T H E   L O W E R   T E M P E R A T U R E  

- Y O R K ( N T H * K - l )  I S  T H E  U P P E R   T E M P E R A T U R E  

- W C R K ( N T H + K - l )  IS T H E   C O M M O N   T E M P E R A T U R E   F O R  

B J U N D   F O ’ .   T H E   T H E R M O U Y N A M I C   F I T S  TO S P E C I E S   K .  

B O U N D  FOR T H E R M O O Y N A M I C   F I T S   T O   S P E C I E S   K .  

T H E   T H E R M O D Y N A M I C   F I T S  TO S P E C ! E S   K .  



N A A  

N A  1 

h R A  

N R  0 

N R E  
N K U  
N R C  

N P A  

- S T A R T I N G   A D D R E S S  FOR T H E   T H R E E  D E M E N S I O N A L   A R R A Y  
OF C O E F F I C I E N T   F O R   T H E   F I T S   T O  THE T H E R M O D Y N A M I C  
P R O P E R T I E S v A ( N v L , W . I  
b ~ ~ P ! v L t K I ~ W C ; R K ~ N A A ~ ~ L ~ l l * N C P 2 t ~ Y ~ l 1 * N C P 2 T 2 * N ~ l !  
W H E R E  

C O E F F I C I E N T S  I N  T H E   F I T S   T O   C P / R  FOR S P E C I E 5   K .  
F O R  N = l t N T H C F   A ( N v L v K 1 R E P R E S E N T   T H E   P O L Y N O M I A L  

A ( N C P X v L , K I = F O R ~ A T I C M  E N T H A L P Y  FOR S P E C I E S  K 
A I N C P ; , L v K I ~ F O R M A T I O N  E N T R O P Y  FOR S P E C I E S  K 
L = 1  I S  F O R  T H E  L O W   T E M P E R A T U R E   R A N G E .  
C = 2  IS F O R  THE H I G H  T E H P E R A T U R E   R A N G E .  

T H I R D   B O D Y   E F F I C E I E H C Y  F b . C T O R S .  T H E   C O R R E S P O N D I N G  
S P E C I E S   N U M B E R S   A R E   S T O R E D   A T   I W O R K ( 1 N T ) .  
W C R K ( N A I + (   I - l I * N M A X T B + L - l  I I S  T H E   E N H A N C E L ?  
E F F I C I E N C Y   F A C T O R  FOR T H E   L T H   E N H A N C E D   E F F I C I E N C Y  
F A C T O R  IN R E A C T I O N  1. 

F 4 C T O R  I N  T H E   R A T E   C J N S T A N T  OF R E A C T I O N  1 .  

E X P 2 N E N T  I N  T H E  R A T E   C O P : S T A N T  0;: R E A C T I O N  I .  

- S T A A T I N G   A D D R E S S  OF T H E   M A T R I X  OF E N H A N C E D  

- W O R K ( N R A t 1 - 1 1   I S   T H E   A R A H E N I U S   P R E - E X P O N E N T I A L  

- W O R K ( N H B * I - l  I IS T H E   A R R H E N I U S   T E M P E R A T U R E  

- W O R K t N R E t I - 1 )  IS T H E   A C T I V A T I O N   E N E R G Y   O F   R E A C T I O N  1 .  
- k d R K ( N R U l 1 S   T H E   U N Z V E R S A L   G A S   C O N S T A N T .  - W G R K ( N R C 1 I S   T H E   U N I V E R S A L   G A S   C O N S T A N T  I N  U N I T S  

C O N S I S T E N T   W I T H   T H E   I N P U T   V A L U E S   F O R   T H E  
A C T I V A Y I O N   E N E R G I E S .  

A T M O S P H E K E .  
- W O R K ( E i P A 1  IS T H E   V . \ L U E  OF T H E   P R E S S U R E  OF O N E  

N K l e N K P -   S T A R T I N G   A D I H E S S E S   O F   4 R R A Y S  OF I N T E R N A L  W O R K  
N K 3 v   N K 4   S P A C E  O F  L E N G T H   N K K .  
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A P P E N D I X  B. A T H E R t N D Y N A M I C  DAT.4 BASE FOR SOME T Y P I C A L  COMBUSTION  PROBLEMS 

The d a t a   b a s e   l i s t e d   h e r e   i s   o n e   t h a t  we f i n d   t o  b e   u s e f u l   f o r   c e r t a i n  

combust ion   p rob lems.   Th is   da ta   base i s  a subse t  o f  t h e   o n e   g i v e n   i n   t h e  NASA 

E q u i l i b r i u m   a n d   t h e   c a r d s   w e r e   t a k e n   d i r e c t l y   f r o m   t h a t   c o d e .  

A l t : . ~ , ; ~ h  i t .  ' . s  p ~ r s l b l e   t o  u s e   a r b i t r a r i l y  1ar;e da ta   base ,   t he  

execu t ion   t ime   i . cqu i red   by   t he  INTERPRETER i n c r e a s c s   w i t h   t h e   l e n ( j t h  o f  t h e  

da ta   base .   The rz fo re ,  i t  wil: b e   t o   t h e   u s e r s   a d v a n t a g e   t o   c r e a t e  a da ta   base 

. .  

w h i c h   i n c l u d e s   o n l y   s p e c i e s   w h i c h   a r e   l i k e i y   t o   a p p e a r   i n   h i s   c l a s s  o f  

T H E R M 0  
3 0 0 . 0 0 0   1 0 0 0 . 0 0 0   5 0 0 0 . 0 0 0  

AR L 5/66Ai l  100 0 0 0  0 0 0  OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  
0 .25000000E 01 0 .  0 .  0 .  0. 

0 .  
0 .   0 .  - 3 . 7 4 5 3 7 4 9 8 E   0 3  0.43669006E 0 1  

0 .28420672E 01-0.87648603i-04-0.26463209E-07 0 . 1 2 2 4 0 3 1 ! F - l 0 - 0 . 1 1 8 8 5 1 3 9 E - 1 4  

- 0 . 7 4 5 3 7 5 0 2 6   0 3   Q . 4 3 6 6 0 0 0 6 E   0 1   0 . 2 5 0 0 0 0 0 0 E   0 1  0 .  

AR + L 1 2 / 6 6 A R  1E -100 0 0 0  OG 300 .00G 5000 .000  

0 .18272563E 06 0 . 3 6 7 2 0 2 0 1 E  01 0 .24857001E  01 -0 .5568266GE- '23   0 .33194849E-05  
- 0 . 3 9 2 3 6 7 9 5 E - 0 8  0 . 1 4 1 4 3 2 7 9 E - 1 1  0 .1824021CE 0 6  0 .58880154E 01 
C(S) J 3 / h l C   1 0  00  0 0  O S  3 0 0 . 0 0 0  5 0 0 0 . 0 0 0  

0.136C4942E 01 0 . 1 9 1 0 2 2 3 7 E - 0 2 - 0 ~ 8 4 3 4 0 3 R 9 E ~ ~ ~  0 ~ 1 6 4 4 0 7 0 7 E - 0 9 - 0 ~ 1 1 6 7 2 6 7 0 E ~ ~ 3  
-0 .65713870E  03 -0 .80070207E  01 -0 .44778053E 00 0.53691002E-02-0.3977557lE-06 
- 0 . 4 0 4 5 9 2 9 8 E - 0 8  0.21134939E-11-0.942806D8E 0 2   0 . 1 6 8 4 0 7 9 1 E   0 1   2 .  
C J 3 / 6 1 C  100 0 0 0  0 0 0  SG 3 00.000 5 0 0 0  .OOO 

0 . 2 5 8 1 0 6 6 3 E  01 -0 .14696202E-03  0 .74388084E-37-0 .79481079E-11  0 .58900977E-15  
0 . 8 5 2 1 6 2 9 4 E  0 5   0 . 4 3 1 2 8 8 7 9 E  01 0 .25328705E  C1-0 .15887641E-03  0 .30682082E-06  

- 0 . 2 6 7 7 0 0 6 4 E - 0 9   0 . 8 7 4 A 8 8 2 7 E - 1 3   0 . 8 5 2 4 0 4 2 2 E   0 5   0 . 4 6 0 6 2 3 7 4 E  01 
C +  L 1 2 / 6 6 C  1 E  -100 000 OG 3 0 0 . 3 0 0   5 0 0 0 . 0 0 0  

0 .25118274E 0 1 - 0 . 1 7 3 5 4 7 8 4 E - 0 4  0 . 9 5 0 4 2 6 7 ~ E - 0 8 - 0 . 2 2 1 8 8 5 1 8 € - ~ 1  0 .18621892E-15  
0 . 2 1 6 6 7 7 2 1 E  06 0 .42861298E 01 0 .25953840E  01 -0 .40686645E-03  0 .68923669E-06  

- 0 . 5 2 6 6 4 8 7 8 E - 0 9  0 . 1 5 0 8 3 3 7 7 E - 1 2  0 . 2 1 6 6 6 2 8 1 E  06 0 .38957298E 01 
c- J 9 / 6 5 C  1 E  100 000 OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  

0 - 2 4 4 7 0 5 9 1 E  C l  0 .11286428E-03-0 .78591462E-07  0.19778614E-10-0.11105555E-14 
0 . 6 9 9 7 2 9 6 9 E  0 5  0 . 4 2 3 5 6 9 9 2 6  0 1  0 . 2 4 9 2 5 6 4 0 6  01 0 . 5 3 ,  '7068E-04-0.13307F94E-06 
0.139513'73E-09-0.52150992E-13 0.69955757E  05  0 .39811657E 01 

CH J 1 2 / 6 7 C  1 H  10 0 0  OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  
0 . 2 2 6 7 3 1 1 6 E   0 1  0~22043000E-02-0~62250191E~06 0 . 6 9 6 8 9 9 4 0 E - 1 0 - 0 . 2 1 2 7 4 9 5 2 E - 1 4  
0 . 7 0 8 3 6 0 3 7 E   0 5   0 . 8 7 8 8 9 3 5 2 E   0 1  0 . 3 5 6 3 2 7 5 2 E  01-0 .20031372E- ! l 3 -0 .40~298 '  '.;-06 
0 .18226922E-08-0 .84768311E-12  0 .73405506E 05  0 .17628023E 01 

CH+ J 1 2 / 7 1 C  1H 1 E  -1 OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  
0 . 2 7 4 6 6 4 0 1 E + 0 1  0 .15496991E-02-0 .5285b324E-06  0.86132075E-10-Om5090977SE-14 
0 . 1 9 4 8 3 6 7 2 € + 0 6   0 - 4 6 9 9 4 0 3 5 E + 0 1  0 ~ 3 5 6 0 ~ 5 9 3 E * 0 1 - 0 ~ 2 2 4 7 8 1 0 1 E - - 0 3 - 0 ~ 2 6 3 4 1 6 2 3 f - ~ 6  
0.16716214E-08-0.89478626E-12 0 .19460363C+06   0 .41570213E+00  

CHZ J 1 2 / 7 2 C  1 H  2 0 O G  300 .000  5000 .030  
0 . 2 7 5 2 5 4 7 9 € + 0 1  0 ~ 3 9 7 8 2 0 4 7 E - 0 2 - 0 ~ 1 4 9 2 1 7 3 1 E ~ 0 5  0.25954899E-09-0.17120673E-13 
0.45547755E+05 0 . 6 6 5 3 4 7 9 9 € + 0 1   0 . 3 5 8 8 3 3 4 7 € + 0 1  0 .21724137E-02-0 .13323408E-05  
3 . 1 9 4 6 9 4 4 5 E - 0 3 - 0 . 8 9 4 3 1 3 9 4 E - 1 2  0 * 4 5 3 1 5 1 8 8 E + 0 5  0 . 2 2 6 2 7 8 6 9 E + 0 1  

p r o b l  ems. 

2 
1. 

3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
'? 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
5 
4 
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cH20 J ; /61c 1n 2 0  10 OG 3oo.000 5ooo.000 
0.2R364249E 0 1  0 .68605298E-02-0 .26882647E-05  0.4 7 9 7 1 2 5 8 E - 0 9 - 0 . 3 2 2 L E s O 6 E - l ~  

- C - l 5 2 3 6 0 3 1 E  05  0 .78531169E  01   3 .37963783E  01-0 .25701785E-02  Oa18548815E-04 
- 0 . 1 7 8 6 9 2 7 7 E - 0 7  0 .55504451E-11-0 .15088947E 05   0 .47548163E  01  
C H3 J 6 / 6 9 C   1 H   3 0  00  OC 300.000 5000.000 

0.28400327E 0 1  0*60869~186E-02-0 .21740338E-05  0.36042576E-09-0.22725300E-13 
0.16449613E 35 0 .55056T51E  01   0 .34666350E 01 0.38301845E-02  0 .13116802E-05 

- 0 . 1 8 8 ~ 2 3 & ~ - 0 8  0 . 6 6 a 0 3 1 ~  Z E - 1 2   0 . 1 6 3 1 3 1 0 4 ~  :,5 0 . 2 4 1 7 2 1 9 2 ~  01 
c H4 J 3 / 6 1 C  1W- 4 5 0  000 il3 300.300  5000.000 

0 . 1 5 0 2 i 0 7 2 E   0 1  0.10416798E-01-0.39181522E-05 0 . 6 7 7 7 7 8 9 9 E - O 9 - 0 . 4 4 2 8 3 7 0 6 E - ~ >  
-0 .99787078E 04 0 .10707143E  02   0 .38261932E  01 -0 .39794581E-02   0 .2455834CE-04  
-0 .22732926E-07 0 . 6 9 6 2 6 9 5 7 E - l l - O . l C 1 4 4 9 5 O E  05  0 .86690073E 00 
CN J 6 / 6 7 C   1 N   1 0  00 OG 300.000 5000.000 

0 .36036285E 01 0 . 3 3 6 4 4 3 9 0 E - 0 3  0 ~ 1 0 0 2 8 9 ~ 3 E ~ 0 6 ~ ~ ~ 1 6 3 1 8 1 6 6 E ~ l O ~ O ~ 3 6 2 8 6 7 2 2 E ~ l 5  
0.51159833E  05   0 .35454505E  01   0 .37386307E  51-0 .19239224E-02  0 .47055189E-05 

-0 .31113000E-08 0 .61675318E-12 0 . 5 1 2 7 0 ? 2 7 i  05 0.34490218E 01 
CN+ J12 /70C  1N 1 E  -10 OG 3 D C . 0 3 0  5000.000 

0.36522919E+01 0.81427579E-03-0.20853348E-06 0 . 2 9 i ) ' ~ ~ . ' . 4 0 4 E - 1 0 ~ ~ 0 . 1 7 8 6 5 0 9 4 1 . ~ 1 4  
0.21560102E+06  0 .439?.5910E+01 0 .361750186+01-0 .20179550E-02  0.79359655E-05 

-0 .77300616E-08 0 .24798477E-11   0 .21578134E+06  0 . 5 3 5 7 F > i 7 E + 0 1  
CN- J 1 2 / 7 0 C  1 N  1 E  1 0  OG 300.000 5000.000 

0 . 2 3 4 7 1 7 2 5 E + O l  0 . 1 4 9 8 8 4 2 7 E - 0 2 - 0 . 5 7 5 7 9 5 4 7 E - O b  0.10177789E-09-0.67478503E-14 
0 . 6 3 6 4 4 3 3 8 E + 0 4   0 . 6 3 7 4 3 9 5 2 E + 0 1   0 . 3 7 0 3 4 3 1 ~ E * 0 1 - 0 . 1 4 8 3 6 4 2 6 E - 0 2   0 . 3 1 8 6 4 7 0 1 E . - 0 5  

-0 .14831305E-08 0 .48121663E-13 0 . 6 2 3 3 5 8 2 6 E + W  0 . 2 7 7 2 2 8 4 3 E + 0 1  
CNN J 6 / 6 6 C  1 N  200 OGO OG 300.000 5000.000 

0 . 4 8 2 0 9 0 7 7 E   0 1  0.24790014E-02-0.94644109E-06 0.16548764E-C9-0.10899129E-13 
0.68685946E  05-0.48484039E 00  0 .35077779E  01  0 . 7 2 0 2 3 9 5 8 E - 0 2 - 0 . 7 5 5 7 4 5 8 9 E - 0 5  
0 . 4 2 9 7 9 2 1 7 E - 0 8 - 0 . 9 4 2 5 7 9 3 5 E - 1 2  0 . 6 8 9 9 4 2 8 1 E   0 5  0 .60234964E  01  

0 . 5 5 6 2 6 2 6 8 € + 0 1  0 . 2 0 8 6 0 6 0 6 E - 0 2 - 0 . 8 8 1 2 3 7 2 4 € - 0 6  3 .16505783E-09-0 .1136669YE~13  
0.54897907E+05-0.55969355E+Ol 0.325240036+@1 0.70013737E-02-0.22653599E-05 

CN 2 J 1 2 / 7 0 C   I N   2 0  00 O G  300.COO 5000.000 

-0.28939808E-OR  0.18270077E-11  0 .55609085E+05  0 .66966778E+Ol  
c o  J 9/65C 10 1 0 0  000 OG 3 0 0 . 0 0 0  5800.000 

0 .29840696E  01   0 .1489:   39OE-02-d .57899684E-06 0 .103Ci577E-09-? .6935355OE-14  
-0 .14245228E  05  0 .63459lShE  01  0 .371b0928E  01-0.1619CJ64E-02  0 .36923594E-05 
-0 .20319674E-08 0 . 2 3 9 5 3 3 - ~ E - 1 2 - 0 . 1 4 3 5 6 3 1 ~ ~  05   0 .29555341 t  0i 
cor, J 3 / 6 1 C  10 1 s  1 0 0  OG 300.000 5000.000 

0.52392000E 01 0 . 2 4 1 0 0 5 8 4 E - 0 2 - 0 . 9 6 0 6 4 5 2 2 E - 0 6  0.17778347E-09-0.12235704E-l3 
-0 .18480455E  05 -0 .30910517E  01   0 .24625321E  01   0 .11947992f -01 -0 .1379437OE-04  

0.80707736E-08-0.18327653E-11-0.17803987E 05 0.10792556E 02 

0.44608041E 01 0.3098171QE-02-0.12392571E-05 0 . 2 2 7 4 1 3 2 5 E - 0 9 - 0 . 1 5 5 2 5 9 5 4 E - 1 3  
-0 .48961442E  05-0 .98632982E 00 0 . 2 4 0 0 7 7 9 7 E   0 1  0 . 8 7 3 5 0 9 5 7 E - 0 2 - 0 . 6 6 0 7 0 8 7 ~ E - 0 5  

0.20021861E-08 0 . 6 3 2 ; 4 0 3 9 € - 1 5 - 0 . 4 8 3 7 7 5 2 7 E  05  0 .95951457f ;   01 
c02-   .112/6hC 10 Z E  100 OG 3 0 0 . 0 0 0  5000.000 

co 2 J 9/65C 10 2 0 0  O C O  OG 300.000 5000.000 

0.45454640E 01 0.2hOSC~16F-02-0.10Y2~73ZE-05 0 .20454421E-09-9 .141QGS62E-13  
-0 .54761968E 0 5  0.18317.169F: 01 0. ? 4 7 4 3 7 3 7 €   0 1  0.16913805E-02  0 .73533603E-05 
- 0 . 9 9 5 5 4 2 5 5 E - q b  @..Z i6846719E-11-0 .5424~049E 05 0 .83834329E  01  
c s  J l 2 / 6 2 C  1 s  1 0 0  000 OG 300 . .000  5000.000 

0 . 3 6 9 4 2 5 3 3 E  01 0 . 8 9 0 8 f ~ 2 7 4 E - 0 3 - 0 . 3 6 5 0 0 0 4 4 € - 0 6  0.68778176E-10-0.478lOOOOE-14 
0.26452213E 0 5   0 . 3 8 1 7 6 0 8 2 E   0 1   3 . 3 3 0 9 3 0 3 3 E   0 1  0.28164439E-04  0 .44317874E-05 

-0.55253695E-08  0.20392468E-11,  0.26658586E  05  0.b2942707E  01 
c s 2  J 6 / 6 l C  1 s  2 0  00 OG 300.000 5000.00C 

0 .59861719E 01  0 . 1 6 3 9 4 4 3 ~ E - C 2 - 0 . 6 8 3 8 4 8 4 5 E - ~ b  0 ~ 1 2 8 3 6 ~ 7 0 E ~ 0 9 ~ 0 ~ 8 9 1 6 7 4 4 8 E ~ 1 4  
0.12043850E  05-0 .63998223E 01 0.3214423EE 01 0.104'~3846E-01-0.110L?789E-04 
0 .52967662E-08-0 .83022695E-12  0 . 1 2 7 4 5 8 7 4 6  05 0.76185765E 01 

0 .4043535YE 01 0 .20573654E-03 0.10907575E-06-0.36427874E-10 0 . 3 4 1 2 7 8 6 5 F 1 4  
0.99709486E  05  0 .12775158E 0 1  0.74518140E  01-0.10144686E-01  0 .8 '5879735E-05 
0 ~ . 8 7 3 2 1 1 0 0 E - 0 9 - 0 . 2 4 4 2 $ 7 9 2 E - 1 1  0 .989 i1989E  05 -0 .15846678E  02  

0 .36926257E 9 1   0 . 4 1 5 7 6 0 4 0 E - 0 3  0 .11654211E-07 0.23755800E-11-0.14585314E-14 
0.52118953E 0 5   0 . 2 2 4 7 0 1 7 3 E   0 1  0.37342914E  01-0.2 '3JC649E-02  0.68417833E-05 

c 2  J12 /69C 2 0  00 00 OG 300.000 5000.000 

c2-  ~ 1 2 1 6 9 ~  Z E  10 00 OG 3 0 0 . 0 0 0  5ooo.000 

-0 .58120827e-08   0 .16604296E-11   0 .52281427E  05   0 .27860423E 01 
c2n J 3 / 6 7 C   2 n   1 0 0  000 OG 300.000 5000 .OOO 

0 .44207650E  01  0.22119303E-02-0.59294945E-06 0 . 9 4 1 9 5 T I 5 E - 1 0 - 0 . 6 8 5 2 7 5 9 4 E - 1 4  
0 .55635444E  05 -0 .11588093E  01   0 .26499400E  01  0.84919515E-02-0.98165375E-05 
0 .65373629E-08-0 .17356273E-11  0 .56275751E  05  0 ,768986096 01 
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C2H2 J 3 /61C 2H 2 0 0  000 OG 300 .030  5000 .000  
0 .45751083E 0 2  0 . 5 1 2 3 9 3 5 a ~ - a 2 - 0 . 1 7 4 5 2 3 5 4 E - @ 5  0.28673065E-09-0.17351426E-13 
0 . 2 5 6 0 7 4 2 8 E   0 5 - 0 . 3 5 7 3 7 9 4 0 E   0 1   0 . 1 4 1 0 2 7 6 8 E  01 0.19057275E-01-0.245OX390E-Cs 
0 . 1 6 3 9 0 8 7 2 E - 0 7 - 0 . 4 1 3 4 5 4 4 7 E - 1 1  0 .26188208E  05  0.11393827E  02 

0 . 3 4 5 5 2 1 5 2 E   0 1  0.11491803E-01-0.43651750E-05 0.74155095E-09-0.501232OOE-13 
C2 H 4  J 9 / 6 5 C  T H  4 0 5  000 OG 3 0 0 . 0 0 0  5000.000 

0 . 4 4 7 7 3 1 1 9 E   0 4   0 . 2 6 9 8 7 9 5 9 E   0 1   0 . 1 4 2 5 6 8 2 1 E  01 0 . 1 1 3 8 3 1 4 0 E - 0 1   0 . 7 9 8 9 0 0 0 6 E - 0 5  
- 0 . 1 6 2 5 3 6 7 9 E - 0 7   0 . 6 7 4 9 1 2 5 6 E - 1 1   0 . 5 3 3 7 0 7 5 5 E   0 4   0 . 1 4 6 2 1 8 1 9 E   0 2  
C2H6 L 5 / 7 2 C  2 H  6 0 OG 3 0 0 . 0 0 0  1500.000 

0 . 2 1 5 5 5 2 8 1 E + O l   0 . 1 4 7 7 9 8 6 1 E - 0 1  0.23352804E-05-0.64146428E-08 0 . 1 9 C 3 6 9 2 5 E - l l  
- 0 . 1 1 5 2 4 5 1 7 € + 0 5   0 . 1 0 7 7 6 3 1 6 E + 0 2   0 . 2 1 4 1 5 7 8 8 € + 0 1   0 . 1 0 5 2 9 7 2 0 E - 0 1   0 . 1 8 7 3 0 2 7 4 E .   0 4  
-0 .26691187E-07  0.10049332E-X3-0 .11410486Et05 0 . 1 1 6 4 7 7 5 7 E + 0 2  
CZ N J 3 / 6 7 C  2N 1 0 0  0 0 0  OG 3 0 0 . 0 0 0  5000 .000  

0 . 6 1 9 3 1 3 0 8 E   0 1  0 ~ 1 4 3 2 9 5 3 9 E ~ 0 2 ~ 0 ~ 6 1 2 5 5 1 6 1 E ~ O ~  G.1157G707E-39-0.80~01339E-14 
0 .64810372E  05 -0 .84132298E  01  0 . 3 2 6 7 0 3 9 4 E  01 0.98211307E-02-G.83284733E-05 
0 . 1 7 6 5 0 5 5 9 E - 0 8   0 . 5 9 6 3 2 7 6 8 6 - 1 2  0 .65589057E 05   0 .65682304E 01 

0 .65968935E 0 1  0.38694131E-02-0.1551616lE-05 0 .28141546E-09-0 .19069442E-13  
0 . 3 4 8 8 3 7 2 6 E   0 5 - 0 . 1 0 0 0 1 8 0 1 E   0 2   0 . 3 9 1 4 1 7 8 2 E   0 1  0.14011006E-01-S.17404350E-04 
0 .12012779E-07-0 .33565772E-11  0 .35514550E 05 0 . 3 2 3 8 4 3 5 3 €  01 

0 . 4 8 9 9 0 3 1 3 E  01 0 . 2 8 4 3 0 3 8 4 E - 0 2 - 0 . ? 0 2 0 9 6 6 9 E - 0 5  0 .16112165E-09-0 .95542914E-14  
0 . 3 2 8 0 0 5 4 5 E   0 5 - 0 . 9 1 3 8 2 2 8 3 E  00 0 .35364815E 01 0 . 6 9 5 4 3 8 7 2 E - 0 2 - 0 . 5 3 0 7 1 3 7 4 F - 0 5  
0.17030470E-08-0.14108072E-13 0 . 3 3 1 5 1 5 7 2 E   0 5  0 .60172370E  01  

0 .36815361E 01 0 . 2 4 1 6 5 2 3 6 E - 0 2 - 0 . 8 4 3 4 8 1 1 2 E - 0 6  0 . 1 4 5 0 8 1 9 8 E - 0 9 - 0 . 9 5 6 7 7 3 0 0 E . 1 4  
0 . 9 7 4 1 3 9 5 5 6  05 0 . 6 8 3 7 7 8 0 2 E   0 1   0 . 5 7 4 0 8 4 6 4 E   0 1 - 0 . 6 4 2 8 1 2 3 8 E - 0 2   0 . 1 A 6 2 0 1 9 3 E - 0 4  

C2N2 J 3 / 6 1 C  2N 2 0 0  0 0 0  OG 300.000 55c)O.OOO 

c 2 a  J 9 / 6 6 L   2 0   1 9 0  Q O O  OG 3 0 0 . 0 0 0  5 0 0 0 . 0 0 0  

t 3   J 1 2 / 6 9 C  3 0  0 0  0 0  OG 300.000 5000 .000  

-0 .14510529E-07  0 . 3 9 6 7 6 9 7 7 F - 1 1  0 . 9 7 1 5 7 5 2 4 E  05 -3 .23837376E 01 
C302 J 6 / h f i C   3 0  2 0  0 0  OG 3 0 0 . 0 0 0  5 0 0 0 . 0 0 0  

0 .81435964E 01 C. 5 & 3 9 5 3 1 8 E - 3 2 - 0 . 2 2 1 9 2 8 6 9 E - @ 5  0 .40778627E-09-0 .27915974E-13  

0.11750112E-07-0.26589416E-11-0.13089402E 0 5   0 . 6 9 2 9 8 4 1 2 E   0 1  
- 0 . 1 4 2 3 0 0 1 3 E   0 5 - 0 . 1 5 4 5 6 1 6 9 E   0 2   0 . 3 7 1 6 1 0 0 5 E  01 0 .19872164~-01 -0 .20935751E-04  

c4 J 1 2 / 6 ? C   4 0  50 00 OG 3 0 0 . 0 0 0  5 0 0 0 . 0 0 0  
0 . 6 5 6 0 2 1 0 1 ~   0 1  o . ~ ~ ~ i t i 5 2 : ! 4 ~ - 0 2 - 0 . 1 7 0 0 0 4 7 1 ~ - ~ i 5  0 . 3 1 6 1 5 ~ 2 a ~ - o ~ 0 . 2 i ~ 4 2 ~ 4 4 ~ - 1 3  
0 .11430434E  06 -0 .1132031   I t :   22  4 .18432021E P L  0.1.9343592E-01.-0.20627502E-04 
0 . 1 0 8 2 2 6 2 6 E - 0 7 - 0 . 2 1 i 8 9 2 0 3 E - ~ l l  0 .11550276E 06 0 . 1 2 0 0 6 6 9 8 l i  O? 

c 5   J 1 2 / 6 9 C  50 00  00  OG 300.00i1 5~~20.000 
0.82067016E  01  0 . 5 4 8 8 9 8 8 8 E - 0 2 - 0 . 2 2 6 9 4 8 7 6 E - 0 5  0 .420733 : , ' f - - :~ ' ) -O .ZB98?Y;~4E-13  
0 .11463647E  06- .0 .20246108E  02   0 .11012446E 01 0 . 2 9 5 1 3 ' ~ 2 1 t - - ~ ~ ~ ~ - 0 . 3 3 7 ~ 4 3 4 2 E ~ - 0 4  
0.19056534E-07-0.40789018E-11 0 . 1 1 6 3 7 9 7 0 E  O b  O.l.5360193E 0 2  

0 .  0 .  0 .  0. 0. 
0 .  0 .  0 . 3 1 ~ 7 7 6 2 ~  O I - O . ~ E ~ O ~ Y G S E - U L  0 . 1 8 8 6 9 5 7 9 5 - 0 4  
0 .89561402E-O7-0 .24031942E-O9-0 .9629R877E 0 3 - 0 . 7 5 9 5 6 9 8 0 €  01 

c s  ( C I  J 6 / h 9 C S  1 0  09 00 OL 301 .550  1500.000 
0 . 3 3 1 4 9 0 4 5 E   0 1  0 . 8 2 2 6 7 3 4 9 E - 0 3 - 0 0 . 4 5 6 4 1 8 2 6 E - 0 6 - 0 . 9 5 9 3 6 0 3 7 E - ? 1  0 . 5 5 4 7 1 6 3 2 E - 1 3  

- 0 . 7 0 1 0 9 8 2 t E   0 3 - 0 . 7 8 7 5 9 2 0 4 E  01 0 . 4 7 6 9 6 8 3 5 E   0 1 - 0 . 4 9 1 3 7 5 0 5 E - 0 2   0 . B 4 8 6 1 1 0 9 E - 0 5  
- 0 . 6 4 1 8 4 3 8 4 E - 0 8  0 . 1 8 0 3 4 3 1 5 E - L l - O . 1 0 1 5 ~ 8 9 2 E  06-0 .14960?27E  02  
cs  J 6 / 6 8 C S   1 0  00 00 OG 3 0 0 . 0 0 0  5000.00C 

C S ( S 1  J 6 / 6 0 C S  1 0  00 00  O S  300 .000  301.5' jO 

0 . 1 & 7 1 0 1 0 1 E  01 0 ~ 1 4 0 6 8 0 7 1 E - 0 2 - 0 ~ 1 0 6 3 ~ ~ 2 2 ? . E ~ ~ 0 5  . 'J .30583738€-OY-0.19977219E-13 
0 . 8 6 8 1 4 5 5 4 E  04 0 . 1 0 2 3 5 6 1 1 E   0 2  0.2 '>999466E  01 0.10382792E-05-0.?8771191E-G8 
0 .49283910E-11-0 .?9810542E- i4  O.b. i737829E 04  0 .68627707E 01 

0 . 2 5 0 3 8 6 8 2 E + 0 1 - O . T 5 2 3 8 8 5 9 E - 0 5  0 .47348482E-08-0 .11aOl810E-11  0 .10117554E-15  
0 . 5 4 4 0 5 1 5 2 € + 0 5   0 . 6 1 4 6 2 3 6 2 € + 0 1  0 .25050509E+01-0 .35642646E-04  0 .88202967E-07  

c s +  J12 /7OCS 1 E  -10 0 0  OG 3 0 0 . 0 0 0  5000.000 

- 0 . 9 1 5 4 6 7 7 0 E - 1 0  0 . 3 3 9 3 5 5 2  BE-1 3 0 . 5 4 4 0 4 0 3 1 E + 0 5  0 . 6 1 4 8 1 7 4 9 E + 0 1  
C S O  J 1 2 / 6 H C S  10  10 0 0  OG 3 0 0 . 0 0 0  5003 .000  

0 . 4 4 6 6 0 2 8 2 E   0 1  0 . ~ 1 5 6 3 2 3 2 E - 0 3 - 0 . 5 9 9 8 q l 8 7 E - 0 8  0 . 1 3 1 7 6 6 9 9 E - 1 2   0 . 5 7 6 3 9 7 4 5 E - 1 6  
0 .61   950309E 0 4  0 . 5 2 0 1 3 8 5 4 E   0 1   0 . 3 9 6 5 7 4 1 9 E  0). 0 . 2 1 2 7 9 2 5 1 E - 0 2 - C . 3 2 1 7 0 2 5 5 E - 0 5  
0 .  2 2 7 6 4 2 $ 5 € - 0 8 - 0 . 5 9 7 2 1 9 7 6 E - 1 2  0 . 6 2 8 9 6 9 4 3 E   0 4  0 .75028593E 01 

0. 0 .  0. 0.  0 .  
0. 0 .  0 ~ 2 2 6 6 8 0 0 3 E + 0 2 - 0 ~ 7 9 5 1 0 4 4 4 E ~ 0 1 ~ 0 ~ 9 8 3 2 6 8 7 7 E ~ 0 5  
0 . 5 9 6 8 3 2 6 1 E - 0 6 - 0 . 7 2 3 1 8 2 5 1 E - 0 ~ 0 . 5 4 0 9 ~ 4 0 9 E ~ 0 5 - 0 . 9 6 9 0 2 5 3 8 E + 0 2  

C S C H (  s 1 J 6 / 7 1 C S  10 1 H  1 0  O S  3 0 0 . 0 0 0   4 0 3 . 0 0 0  

C S O H (  s 1 J 6 / 7 1 C S  10 1 H  10 O S  4 9 3 . 0 0 0   5 8 8 . 0 0 0  
0 .  0 .  0 .  0 .  0. 
0 .  0 .  0 . 9 4 Q 0 3 8 8 5 E + 0 1  0.20378267E-02-0.37207376E-05 

-0 .24 '725999E-09 0 . 5 9 6 7 6 3 6 1 E - 1 1 - 0 . 5 2 2 9 7 6 1 4 E + 0 5 - 0 ~ 4 1 2 6 4 4 9 2 E ~ 0 2  
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CSOH(  L I J 6 /71CS 10 1H 10 OL 588.000 5000.00C, 
0 .90129747E+01  0. 0. 0. 0. 

0 .  0. -0.51757654E+05-0.4I664444E+02 
- 0 . 5 1 7 5 7 6 5 4 E + 0 5 - 0 . 4 1 6 6 4 < 4 4 E + O 2  0 . 9 8 1 2 9 7 4 7 € + 0 1  0. 0. 

C S O H  J 6/'1l!:S 10 1 H  10 OG 300.000 5000.000 

-0 .32919205E+C5-0 .21318639E+31  0 * 4 5 4 8 6 0 0 3 E + 0 1  0.79612333E-02-0.13326497E-04 

CSOH+ J12 /?1CS 1s 1H 1 E  - l G  300.000 5000.000 

0 . 5 7 0 0 5 6 4 9 ~ + ~ 1  0.11820384~-0~-0.31939094~-06 0 . 3 a 6 4 2 9 1 7 ~ - 1 0 - 0 . 1 6 6 3 5 6 3 6 ~ - 1 4  

0 ~ 1 0 3 1 4 2 3 4 E - 0 7 - 0 ~ 2 8 9 7 3 7 7 7 E - l 1 ~ 0 ~ 3 2 8 1 0 8 9 0 E + 0 5  0 . 2 8 4 8 7 1 6 0 € + 0 1  

0 . 5 7 2 9 2 5 6 3 E + C l  0 .11571324E-02-0.3104443lE-06 0.37396291E-ICI-0.15509463El4 
0 .5 i626483E+O5-0 .58F640L3E+OO 0 .48487158E+01  0 .66900346E-02-0 .11839328E-04  
0 . 9 4 3 3 5 3 7 2 € - 0 8 - 0 . 2 7 2 2 7 ~ ~ 5 ~ - ~ . 1  3 .51678167E iO5  0 .30716903€+01  

c s2 J 6/68(: \  2 0  00 00 OG 300.000 5000.000 
0 . 4 6 4 1 1 4 7 0 E   3 1   0 . 1 0 8 4 4 9 0 A E - 0 3   0 - 1 0 7 0 1 3 0 7 E - 0 8  0.55978765E-10-0.77077416E-14 
0.11 367604E 05 0.76209601E 01 0 .45116580E  01   0 .17392705E-03  0 .36388656E-06 

- 0 . 4 1 4 5 9 9 4 7 E - 0 9   0 . 1 6 3 9 8 5 1 5 E - 1 2   0 - 1 1 4 2 6 7 0 4 E  0 5  0.83824693E 01 
cs2n J 1 2 / 6 8 C S  2 0  10 00 OG 300.000 5000.000 

O.hH979467E 01 0 ~ 1 0 1 6 5 ~ 9 8 E ~ 0 3 ~ ~ 0 ~ 3 ~ 0 6 2 0 6 2 E ~ O 7  0 ~ 6 1 4 6 6 3 9 3 E - 1 1 - 0 ~ 3 5 7 5 8 2 1 6 E ~ 1 5  
- 0 . 1 3 l h W 8 9 E   0 5 - 0 . 1 1   7 9 0 8 0 2 E  01 0 .57553639E 01 0 .49116073E-02-0 .77072518E-05  

0 .54156957E-08-0 .14080898E- l i - 0 .12946829E 05 0.42869913E 01  
C S Z O 2 H 2  J 6 / 7 l C S  2 0  214 2 0  OG 300.000  5000-000 

0 . 9 5 8 0 9 3 6 2 E + O l  0 . 5 3 2 6 0 5 0 9 E - 0 2 - 0 . 1 8 7 8 0 5 4 5 E - 0 5  0 . 3 0 9 2 5 9 2 5 E - 0 9 - 0 . 1 9 4 2 9 5 3 3 E - 1 3  
- 0 . 8 6 0 2 5 R 3 9 E + C 5 - 0 . 1 3 2 2 ~ ~ ~ ~ ( ~ ~ + ~ ~  0.75228191E+Ol   0 .79078372E-02  0 .35430299E-05 
-0.10456328E-C7 C.430140~ZE-li-0.85338412~+05-0~19197968E+Ol 
E L 0 2 / 6 7 €  10 0 0  00 OG 3 0 0 . 0 0 0  5000 .300  

0.250000 '30E  01  0. 0. 0. 0. 
-0 .74537496E  53 -0 .11744026E 0 2  0.25000000E 01 0. 0. 

H J 9 / 6 5 t {  100  000 000 OG 300.000 5000.000 
0. 0. -0 .74537500E  03-0 .11734026E 02 

0 . 2 5 G O O O O O E  01 0 .  0. 0. 0. 
0 . i 5 4 7 i 6 2 7 E  05 -0 .46011763E 00  0 .25000000E 01 3. 0. 
0. 0. 0 .25471627E 05-0.46011762E 00 

U+ J 6 / 6 6 H  1 E  -103 003 3 0 0 . 0 0 0  ~ 0 0 0 ~ 0 0 0  
0 .Z5000000E 01 0. 0. 9. 0. 

@. 0. 0 .18403344E  06-0 .11538621E 01 

0 . 2 5 0 3 9 0 0 0 t  01  0. I). 0. 0 .  
0 - 1 5 9 6 1 0 4 5 E  05-0.115244bt iE 01  0.ZSOOOOOOE 01 0. 0. 
0. 0. 0 . 1 5 9 0 1 0 4 5 ~ .  05-0.1152+4a6t 01 

0.37Gh8121E 01 0 . 3 3 3 6 2 8 0 3 E - 0 2 - 0 . 1 1 9 1 3 3 2 O E - 0 5  0.1999291  7E-0+0.12626452€-13 
0 .14962636E 05 0 . 2 0 7 9 4 9 0 4 E   0 1   0 . 2 4 5 1 3 5 5 6 E   0 1  0.87208371E-02-0.10094203E-04 
0 . 6 7 2 5 5 6 9 8 E - 0 0 - 0 . 1 7 6 2 t t 9 5 9 € - 1 1  0 .35213202E 05  0.80830085E 01 

!. 'alR4,03344E  06-0.11538620E 01 0.250003OOC 01 0. 0. 

tt- J 9/6-Ctl 1 E  1 0 0  O O Q  OG 300.000 5 0 0 0 . 0 0 0  

IiCN L L 2 / b 9 t 1  I C  L N  1 0  GG 300.000 5000 .000  

K O  J12 /7OH 1C 10 !.O OG 300.000 5000 .000  
0 . 3 4 7 3 8 3 4 8 E t O l  0 . 3 1 7 7 3 2 2 7 F - 0 2 - 0 . 1 j 6 ~ ~ ~ ~ 4 ~ - 0 ~  0 . 2 4 9 2 8 6 4 5 E - 0 9 - 0 . 1 7 0 ~ 4 3 3 1 E - 1 3  
0 . 3 9 ~ 9 4 0 0 5 ~ + 0 4   0 . 6 0 + 5 3 3 4 0 ~ + 0 ?  3 . 3 a ~ 4 0 . ~ 9 2 ~ t o r - o . a 2 9 7 4 4 4 8 ~ - 0 3  0 . 7 7 q 0 0 6 0 9 ~ - 0 5  

-0 .70616962E-08  0 .19371730E-11  0 . 4 0 5 4 3 8 6 0 E + 0 4  0 . 4 8 3 5 4 1 3 3 € + 0 1  
H C V  * J 1 2 / 7 0 H  1 C  10 1 E  - l G  300.000 5000.000 

0 . 3 7 6 1 1 8 8 0 E + 0 1  0 . 3 3 4 4 1 5 1 7 E - 0 2 - 0 . 1 2 3 9 7 1 2 l E - 0 5  0.21189388E-09-0.1370415OE-13 
O.QREP4078E+05   0 .20654768E+Ol   0 .24739736€+01  0.86715590E-02-0.100315OCE-04 
0 . 6 7 1 7 ~ ~ 2 7 E - ~ 0 8 - 0 . 1 7 8 7 2 6 7 4 E - 1 1  0.99:46608E+05 0 .81625751E+01  

LiN Ci! .JL2/70H 1N 1 C  10 1 G  300.000 5000.300 
9 .5 :300390E*01  0 ~ + 3 5 5 L 3 7 1 E - 0 2 - 0 ~ 1 6 2 6 9 0 2 2 € ~ 0 5  0 ~ ~ 8 0 3 5 h 0 5 E ~ 0 9 ~ 0 ~ 1 8 2 7 6 0 3 7 E ~ 1 3  

- 0 ~ 1 4 1 0 1 7 8 7 E + 0 5 - 0 ~ 2 2 0 1 0 9 9 5 E + O l  0 . 2 3 7 2 2 1 6 4 E t O l  0 ~ 1 3 6 6 4 0 4 0 E - 0 1 - 0 ~ 1 3 3 2 3 1 5 8 E ~ O 4  

HhlO J 3 / 6 3 H   I N  10 L O  OG 300.000 '5000.000 
0 ~ 6 ~ + 4 1 5 4 5 7 E - 0 8 - @ ~ 1 0 4 0 2 8 9 4 E ~ 1 1 ~ 0 ~ 1 3 4 3 7 0 5 9 € + 0 5  0 . 1 1 5 8 8 2 6 3 € * 0 2  

0 .35548619E  01  0. ~ 2 7 1 ? 1 f ! 2 E - 0 ~ - 0 . 1 2 7 ~ 4 0 7 1 E - 0 5  0.22602046E--C9-0.15064827E-13 
0. 10093734E 05  0 .51684901E  01   0 .37412008E  01-0 .20067061E-~03  0 .75409300E-05 

-0 .79105713E-08  0 .259283P9E-11  0.10817RC5E 05  0 .50063473E 01 
H N O Z  J t5/&3t! I N  10 2 OG 300.000 5000 .000  

0 . 5 5 1 4 4 9 4 1 E + 0 1  0 . 4 1 3 9 4 4 0 3 E - 0 2 - 0 . 1 5 8 7 8 7 0 2 E - 0 5  0.27977639E-09-0.18584209E-13 

0.3535157l .E-09 O.llT40858E-ll-0.10450008E+05 0 . 1 2 3 9 9 6 3 4 € + 3 2  
- 0 ~ 1 1 2 7 6 8 8 5 E + 0 5 - 0 ~ 3 1 4 2 5 2 5 3 E + O l  0 . 2 5 0 9 8 8 7 4 € + 0 1  0.12171605E-01-0.78618375E-05 

H N O ~  J b / 6 3 H  1 N  10 3 OG 300.000 5000.000 
5 .70591100E+01  0 . 5 6 7 6 9 4 4 6 E - 0 2 - 0 . 2 2 3 4 8 8 6 3 ~ - 0 5  0 ~ 4 0 1 5 5 5 2 9 E - 0 9 - 0 ~ 2 7 0 8 0 5 1 O E ~ l 3  

- 0 ~ 1 8 9 2 0 0 0 9 E + 0 5 - 0 ~ 1 0 7 7 6 2 8 5 E + 0 2  0 . 1 4 3 7 7 1 3 5 E t 0 1  0.20903552E-01-0.14574553E-04 
0 . 1 1 9 7 7 0 2 3 E - 0 8  0 ~ 1 9 1 1 7 2 8 5 E - 1 1 - 0 ~ 1 7 3 8 5 3 6 8 E + O S  0 * 1 8 2 4 6 2 5 3 E + 0 2  
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HO2 .! 3 / 6 4 H  10 2 0 0  000 OG 300.005 5000.000 
0 - 3 7 8 6 6 2 8 0 E  0 1  0 . 2 7 8 8 5 4 0 4 E - 0 2 - 0 . 1 0 1 C . ~ ~ / ~ 8 E - 0 5  3.17;83946E-09-O.P1021852E-13 
0 .118885006  04 0 .48147611E 0 1  0.35094850E 01 0.1149YO70E-02  0.58784259E-05 

-0 .77795519E-08  0 .29607883E-11  0 ,13803331E 0 4  0.68276325E 01 
ti2 J 3 / 6 1 H  2 0  00 00 O G  300.000  5000.000 

-0 .87738042E  03-0 .19629421E 01  0.3057445LE 01 0.26765200E-02-0.58399162E-05 

H 2 0 (  S )  L l l / b 5 H  2 0  1 0 0  000 OS 200.000 273.150 

0 . 3 1 0 0 3 9 0 1 f  01 0 .51119464E-03  0.52644210E-07-0.34909973E-10 0 .36945345E-14  

0 ~ 5 5 2 1 0 3 9 1 E - 0 8 - 0 ~ 1 8 1 2 2 7 3 9 E - 1 1 - 0 ~ 9 8 8 9 0 4 7 4 E  03-0.22997056E 01 

0. 0. 0. 0. 0. 
0. 0. -0 .39269330E-01  0.16920420E-01 0. 
0. 0. -0 .35949581E  05  0.56933784E 00 

H2O(L I L 1 1 / 6 5 H  2 0  100 000 OL 273.150 1000.0 
0. 0. 0. 0. 0. 
0. 0. 0 .12712782E 02-0.176627tOE-01-0.2255666lE-04 
0.20820908E-06-0.24078614E-09-0.374832OOE 05-0.591153,.5E 02 

0 .27167633E  01  0 .29451374E-02-0 .83224374E-06  0 . 1 0 2 2 6 6 8 2 E - 0 9 - 0 . 4 8 4 7 2 1 4 5 E - 1 4  
-0 .29905826E 0 5  0.66305671E 01 0.40701275E  01-0.11084499E-02  0 .415211  80E-05 
-0 .29637404E-08  0 . 8 0 7 0 2 1 0 3 E - 1 2 - 0 . 3 0 2 7 9 7 ~ 2 E  05-0.32275046E 00 
HZ02 L 2 / 6 9 H  20 2 0  00  OG 300.000 5000 .000  

0 . 4 5 7 3 1 6 6 7 E   0 1  0 . 4 3 3 6 1 3 6 3 E - 0 2 - 0 . 1 4 7 4 6 8 8 8 E - 0 5  Oa23489037E-09-0 .14316536E-13  
- 3 . 1 8 0 0 6 9 i I E   0 5  0 . 5 0 i 1 3 6 9 6 E  00 0 . 3 3 8 8 7 5 3 6 E   0 1  0.65692260E-02-0.14850126E-06 
-0 .46258055E-08  0.24715147E-11-0.17663147E 0 5  0.67853631E 01 

HZ0 J 3 / 6 1 H  2 0  1 0 0  000 OG 300.000 5000.000 

hi2 .5 J 1 2 / 5 5 t i   2 s  l O G  000 OG 300.000 5000.000 
0.20479103E 01  0.38415990E-02-0.14099367E-05 C.24278754E-09-0.15783283E-13 

-0 .34469788E  04   0 .74781412E  01   0 .38811293E  01 -0 .13211856E-03   0 .36517726E-05  
-0 .21820445E-08   0 .28783779E-12-0 .36350917E 04 0 .25161511E  01  
HE L 5 / 6 6 H E   1 0 0  000 000 OG 300 .000  5000.000 

0 .2500000CF  01  0. 0. 0. 0. 
- 0 . 7 4 5 3 7 4 9 e ~  03 0 . ~ 1 5 3 4 8 8 8 ~  00 0 . ~ 5 0 0 o o o o ~  01 0. 3 .  

HE + L 1 2 / 6 6 H E  1 E  -100 000 OG 300.000 5000.000 
0.2500OOOOE 01  0. 0. 0. 0. 
0.28534266E 06 0.16084045E 01  0.25COOOOOE 0 1  0. 0. 
0. 0. 0 .28534266E 06 0 .16084046E  01  

0. 0. -0 .74531498E 03 0.91534884E 00 

N .J 3/61t.1 1 0 0  0 0 0  0 0 0  OC; 3 @ 0 . 0 1 2 0  50C0.000 
0 . 2 4 5 0 2 6 8 2 E t 0 1  0.10661458E-03-0.74653373E-07 O.iG7~~~:~4E-i0-0.10254839E-14 
0.56116040E  05   0 .44487581E 01  0 .250307145   01 -0 .21Y001r ; l~ -O4   0 .54205287E-07  

-0 .56475602E-10  0 .20999044E-13  0.56098904E 0 5  0.416756b',: 21 
N H  J 1 2 / 7 1 N   1 H  1 0 OG 300.0c)C 5UOO.000 

0 . 2 7 7 8 9 9 0 0 E t 0 1  0 . 1 3 2 6 6 3 4 9 E - 0 2 - 0 . 4 1 1 0 ~ 2 1 ~ c - O b  0 .69414505E-10-0 .4453619OE-14  
0 . 4 4 5 6 7 9 7 3 E + 3 5   0 . 5 7 5 9 3 4 3 4 E i O l   0 . 3 4 9 3 8 3 1 8 E c 0 1  0.2452993~.E-03-0.1257852lE-O5 
0 . 2 2 0 1 1 Y Z Z E - 0 8 - 0 . 9 2 2 8 8 1 ~ ~ 4 E - 1 2  0 . 4 4 3 2 6 8 2 6 E * 0 5   0 . 1 8 4 5 1 7 2 3 t t O l  

0 .25769524E 01 0.35896090E-02-0.12276320E-05 O.lY549576E-09-0.1187340lE-~l3 
0 .19335912E 0 5  0 .79074090E 0 1  0.40385791E  01-0.10098163E-02  0 .40120903E-05 

NH 2 J 1 2 / 6 5 N   1 H  Z O O  000 OG 300.0ciO 5 0 0 0 . 0 0 0  

-0 .23085312E-08  0 .33022087E-12  0 .18973010E  05   0 .52464265E 00 
NH 3 J 9 / b 5 N   1 H   3 0 3  000 OG 300,00 '3 5000.000 

0 .24155177E 0 1  0.61871211f-0~-0.21785~36E-05 0 . 3 7 5 9 9 0 9 0 E - 0 9 - 0 . 2 4 4 4 8 8 5 6 E - 1 3  
- 0 . 6 4 7 4 7 1 7 7 E   0 4  0 .77043482E 01 0 .35912768E 01 0.49386668E-03  0 .83449322E-05 
-0 .83833385E-08  0 . 2 7 i 9 9 L ~ ~ 2 ~ - 1 1 - 0 . 6 6 7 1 7 1 4 3 E  04 0.22.520966E 01 
NO J 6 / 6 3 N  10 1 0 0  000 OG 300.000 5000.000 

0 .31890000E  01  0.13382281E-02-3.52899318E-06 0 . 9 5 9 1 9 3 3 2 E - l 0 - 0 ~ 6 4 8 4 ; Y 3 ? E - 1 4  
0.98283290E  04   0 .67458126E 01  0.40459521E  OL-0.34181  l f l3E-02  0 .79819190E-05 

-0.61139316E-08  0 .1591.907bE-11  0 .97453934E 0 4  0.29974988E 01 
NO + J 6 / L 6 N  10 1 E   - 1 0 0  OG 300.0GO 5000.000 

0 .11819245E 06  0 .70027197E  01   0 .36685056 i   01 -0 .11544585E-02   0 .217556086-05  
0 .28885488E 0 1  0 . 1 5 2 1 7 ~ 1 9 E - 0 2 - 0 . 5 7 5 3 1 2 4 1 E ~ * 0 6  0 . 1 0 0 5 1 . 0 8 1 E - 0 4 - 0 . 6 6 C 4 4 2 9 4 E - 1 4  

-0.48227472E-09-0.27847906E-12 0.11833369E 06 0.31779324E 01 
NO2 .I 9 / 6 4 N  10 200 O O C  OG 300.000 5000.000 

0 .46240771E  01  0.25260332E-02-0.10609498E-05 0.19879239E-09-0.13799384E-13 
0 .22899900E 04 0.13324138E 0 1  0 .34589236E  01   0 .20h47064E-02  0 .66866067E-05 

-0 .95556725E-08   0 .36195881E-11   0 .28152265E  04   0 .83116983E 01 
N02- J 6/72N 10 2E- 1 OG 3 0 0 . 0 0 0  5000.000 

0 . 5 0 1 6 0 9 0 3 E 4 0 1  0 . 2 1 8 8 4 4 6 3 E - G ~ ~ - 0 . 9 4 5 8 6 1 4 ~ E - 0 6  0 ~ 1 7 9 3 9 7 8 9 E ~ ~ ~ ~ ~ ~ - 0 ~ 1 2 0 5 2 4 2 8 E ~ 1 3  
- 0 . 2 6 2 0 0 1 6 0 E 4 0 5 - 0 . 1 2 8 6 1 ~ + 4 ~ E ~ ~ l  ;/.Z';818036€+01 0.49370501E-OL  0.265.57293E-05 
-0 .78905297E-08  0 .35391483E- i i 1 . -0 .25501540Et05  0,99;41683E+01 
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NO 3 J1:!/64N 10 3 0 O G  3 0 0 . 0 0 0  5000.000 

0 . 5 8 2 4 4 0 1 6 E + 0 4 - 0 . 1 ~ 6 0 8 1 1 9 E + 0 2  0 . 7 6 8 6 7 3 7 7 € + 0 0  0.21~81075E-01-0.16980256E-04 
0 . 7 2 0 3 3 2 8 9 € + 0 1  0.30908791E-02-0.13329045E-05 0.2E461601E-09-0.17939047E-13 

0.22963836E-08  O.J.932104lE-11  0 .75292921E+04  0 .20406284€+02 
MO J 1 2 / 6 4 N  2 0  100 000 OG 300.000 5000.000 

0 .47306679E 01 0 . ,28258267E-02-0 .11558115E-05  0 .21263683E-09-0 .14564087E13  

0 . 2 2 2 7 5 8 7 7 ~ - 0 8 - ~ . 8 0 6 5 0 3 3 0 E - 1 3   0 . 8 7 5 9 0 1 2 3 E  04 0.92266952E 01 

0.50947770E 01 0 .93296138E-02-0 .33626986E-05  0.56308304E-09-0.358596blE-13 
0.92996644E  04-0.35950952E 01  0 .79803836E 00 0 . 2 1 7 8 8 0 9 7 E - 0 1 - 0 . 1 3 4 5 6 7 5 4 E - 0 4  

0.81617h82E  04-0.17151073E 0 1  0 .2618Y196E 01 0 ~ 8 6 4 3 9 6 1 6 E ~ 0 2 ~ 0 ~ 6 8 1 1 0 6 2 4 E ~ 0 5  

N2H4  J12 /65N  2H 4 0 0  000 OG 3 0 0 . 0 0 0  5000.000 

-0 .12698753E-09   0 .25865213E-11   0 .10379887E 05 0.18248696E 02 
N2 J 9 / 6 5 N   2 0  00 00 OG 300 .000  5000.000 

-0 .90586184E 03 C.61615148E 0 1  0 .36748261E 01-0.12081500E-02 0.23240102E-05 
- 0 . h 3 2 1 7 5 5 9 E - 0 9 - 0 . 2 2 5 7 7 2 5 3 E - 1 2 - 0 . 1 0 ~ ~ 1 5 8 8 €  04   0 .23580424E 01 

0 . 2 a 9 6 3 1 9 4 ~  01 0 . 1 5 1 5 4 8 6 6 ~ - 0 2 - 0 . 5 7 2 3 ~ ~ 7 7 ~ - 0 6  0 . 9 9 ~ 0 7 3 9 3 ~ - 1 0 - 0 . 6 5 ~ 3 5 5 5 ~ - 1 4  

N2O+ .J12/70N 20 l . E  - 1 0  OG 300.000 5000.000 
0 . 5 3 9 2 6 9 4 6 E + 0 1  0 . 2 2 3 3 7 1 9 h E - 0 2 - 0 . 9 3 5 4 8 8 3 2 E - 0 6  0.17466166E-09-0.12059043E-13 
0 . 1 5 8 4 7 6 3 3 E + 0 6 - 0 . 3 h F ~ 0 1 ~ ~ 6 E * 0 1  0 . 3 4 2 7 3 0 6 4 E t O l  0 .63787690E-02-0 .22585149E-05  

-0 .204218OOE-08  0 .13+814776-11  0 .15909237E+04 0 .67997616E+01  
N2 04 J V / O 4 N  2 0  4 0 0  000 OG 300.000 5000.000 

0 .10506h37E 02 0 . 5 8 7 2 3 2 6 7 6 - 0 2 - 0 . 2 4 7 6 6 2 9 6 E - 0 5  0 . 4 6 5 5 6 0 2 4 E - 3 e - 0 . 3 2 4 0 2 3 8 2 E - 1 3  
- 0 . 2 8 6 0 9 0 9 6 E   0 4 - 0 . 2 6 2 5 2 2 3 5 E   0 2   0 . 3 h 6 6 2 8 h 5 E   0 1  0 . 2 3 4 9 1 7 4 8 E - 0 1 - 0 . 1 6 0 0 7 2 9 7 E - ~ ~ t  

N3 J 1 2 / 7 0 N   3 0  00 00 OG 300 .003  5000 .000  
0.11   845939E-08 0 ~ 2 0 0 0 1 6 1 8 E - 1 1 - 0 ~ 9 0 6 3 1 7 9 7 E  03 0 .93973337E 01 

0 . 5 1 9 9 6 8 2 8 E t O l  0 .24335678E-02-0 .1019234OE-05  0.19062350E-09-0.13212412E-13 
0 .47963131E+05-0 .35547759E+0r  0 .30624389E+Ol  0 . 7 3 5 9 0 6 5 8 E - 0 2 - 0 . 3 8 2 2 9 3 7 4 E - 0 5  

-0 .71824202E-09   0 .91110236E-L2   0 .48614547E+05   0 .77570129€+01  
0 J 6 / 6 2 C  100 000 000 OG 300.000 5000.000 

O.ZP420596E 0 1 ~ 0 ~ 2 7 5 5 0 6 1 7 E ~ 0 4 ~ 0 ~ ~ ~ 0 2 8 0 3 3 E - 0 8  0.45510674E-11-0.43680515E-15 
3 .2 t i J0803E C5 0 .49203080E  01   0 .29464287E  01 -0 .16381665E-02   0 .24210316E-05  

-0 .16023432E-08  0 .38906964E-12  0 .29147644E  05   0 .29639949E 01 
04 C 1 2 / 6 6 0  li: -a100 000 OG 300.000 5000.000 

0.25G60486E 01*-.3.16;64245E-b~ 3 . i 2 + 4 6 C i 9 E - 0 7 - 0 , 4 6 9 5 8 4 7 2 E - i i  G.h55488?3€-15  
0 .18794700E 06 0.4347574LE Gj, 3 . 2 + ~ 8 ' ~ 7 ' ? 4 E  0 1  O . l l i i O ! : 7 2 E - ~ t t - i 1 . 2 9 7 6 1 3 Y S E - G 7  
C . 3 2 2 4 6 5 3 9 E - 1 0 - 0 . 1 2 3 7 5 5 1 7 E - 1 3  O.iH794'1O8E 06 0 . 4 3 8 6 4 3 5 5 E  0 1  

(I- J 6 i 6 5 0  i E  1 0 0  000 OG 300.000 5000.000 
0.254371 73E 01 -0 .53238700E-34  0 . ~ 5 1 1 9 6 1 7 E - 0 7 - 0 . 5 1 8 5 1 4 6 6 t - I I  0.39011542E-15 
9 .1148051JE 05 0 . 4 5 2 0 2 5 3 5 E  0 1  0 .2811579oE  01 -0 .11905~ , ' / 71 -~0 i   0 .18710553E-05  

-0 .134791786-00   0 .36663554E-12   0 .11428 '31E  05  0.32402855E 0 ;  
OH J 1 ? / 7 0 0  ! t i  10 00 ck; 300 .000  50t10.000 

0 . 2 9 1 3 1 2 3 0 € + 0 1  0 . 9 5 4 1 b 2 4 0 6 - 0 3 - O . ~ Y 0 8 4 3 2 5 E - 0 6  0.12730795E-10 0 .24803941E-15  
0 . 3 9 6 4 7 0 6 0 € + 0 4  0.54288735EtC11 0 . 3 8 3 6 5 5 1 8 E + 0 1 - S . 1 0 7 0 2 ~ 1 4 ~ - 0 2  0 .94849757E-06  
0 . ~ 0 ~ 4 3 5 7 5 ~ - 0 9 - 0 . ~ 3 3 ~ 4 ~ 6 5 ~ - 1 2  0.36-115eo-r1:+04 0 . 4 9 0 0 5 4 s ~ ~ t u o  

0 . 2 7 3 8 1 4 9 5 E t O l  0 . 1 4 6 1 3 1 i 5 E - 0 2 - . 0 . 4 6 ~ ' j O 5 3 6 E - 0 6  0.73663540E-10-0.41410922E-14 
OH + J 1 2 / 7 0 0  1H 1 E  - 1 G  OC 3 0 0 . 0 C 3  5030.COO 

0.15761683E+06  0 .61343811F.+Oi  U . 3 5 3 6 5 Y 6 Y E + O 1 - 0 . 4 7 0 2 9 2 5 4 E - 0 4 - 0 . 6 2 3 4 4 2 5 9 E - O 6  
0 .1760146 lE -0&-0 .82678699E-12  0 . 1 5 7 3 6 6 7 7 E + 0 6  0 .18477172E+01  

0 . 2 ' ? 8 8 1 1 4 0 € + 0 1  0 . 9 6 5 6 0 2 2 9 6 - 0 3 - 0 . 1 9 6 5 9 2 5 4 E - 0 6  0.14053602E-10  0 .12080617E-15 
-0 .10086455E+05   0 .41096259E+31   0 .346214 .2 .7€+01  0 .405258026-03 -0 .13516992E-05  

0 . 1 7 8 0 3 4 5 9 E - 0 8 - 0 . 6 3 4 3 4 8 1 0 E - l 2 ~ - 0 . 1 8 3 i 2 7 5 5 E + 0 5  0 .92893220E+00  

(1H - J 1 2 / 7 0 0  1 H  1 E  ~ C J  OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  

02 J 9 / 6 5 @   2 0  03 00 OG I ; O O . G 3 C  5 O O r ) . O O O  
0 . 3 0 2 1 9 5 3 5 ~  01 0 . 7 3 6 1 e 2 6 4 ~ - a + t 1 . 1 9 6 5 ; : ~ 2 ~ ~ - 0 6  0 . 3 6 2 0 1 5 5 e ~ - l 0 - 0 . ~ 6 ~ 4 5 ~ ~ 7 ~ - 1 4  

-0 .12019825E 0 4  0.3615096GE 01 0 .36255985f   01-0 .18782184E-02  0 .705545s;E-05 

02- J 1 2 / 6 6 0   2 E   1 0 0  000 OG 300.000 5000.000 
-0 .67635137E-08  0 . 2 1 5 5 5 9 9 3 E - 1 1 - 0 . 1 0 4 7 5 2 2 ~ ~ E  04 0 .430527782  01 

0 .38147234E 01 0.77444546E-03-0.30677h49E-06 0 .46610118E-10-0 .36229492E-14  
-0 .69910087E 04 0 .295879956  01  0 .31440525E 01  0 .12 l27972E-O?  0 .23812161E-05 
- O . ~ O ~ ~ ~ O ~ Z E - O D  0 . 1 6 8 8 5 3 0 4 ~ - 1 1 - 0 . 6 7 3 6 9 7 5 ~ ~  04 0 . 6 7 6 8 ~ 6 8 7 ~  01 
03 J 6 / 4 1 0  3 0  0 0  00 OG 300.000  5000.000 
0 .  54665;!39E+Ol 0.17326031E-02-0.7~!204889E-06 0 . 1 3 7 2 1 6 t O E - 0 9 - 0 . 9 6 2 3 3 8 2 8 E ~ 1 4  
0.15214096E+05-0.34712616E+Ol G.Z4660617E+01 0.91703209E-02-0.4969848OE-05 

- 0 t 2 0 6 3 4 2 3 0 E - 0 8  0 . 2 0 0 1 5 5 9 5 E - 1 1   0 ~ 1 , 6 0 5 9 5 5 6 E + 0 5   0 . 1 2 1 7 2 1 3 0 E + 0 2  
S (  SI J121'65S 1 0  O:! 30 O S  3 0 0 . 0 0 0  3 8 8 . 3 6 0  
0. 0. 0. 0. 0. 
0. 0. - L 5 0 6 3 7 0 2 5 E  0 1  0.28819353E-02-0.21330205E-04 
0.84787862E-06-0.17344967E-OA 0 .71482629E 03 0.28714074E 02 
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;( LI J 1 2 / 6 5 S  10 00  00 OL 3 8 8 . 3 6 0   2 0 0 0 . 0 0 0  
0.36036672E 01 0.99033405E-03-0.10!1441OE-O5 0.40536327E-O?-O.56679135E-l~ 

-0 .84538383E 03 -0 .16344708E  02 -0 .12706310E  02  0.90725216E-01-0.16Y51784€-03 

S J 6 f 7 1 5  10 00 00 OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  
0.13070637E-06-0.352761506-10 0 .12346069E  04   0 .S6210160E  02  

0.29093331E+OX-0.55587281E-03 0.27836947E-06-3 .50194768E-10  0 .31254639E- l '+  
0 . 3 2 5 3 1 5 4 3 E + 0 5   0 . 3 7 9 2 8 3 2 7 E t 0 1   0 . 2 9 2 7 0 0 7 8 E + 0 1  0 . 2 1 9 8 2 5 5 5 E - 0 3 - 0 . 2 3 8 0 8 8 5 3 E - 0 5  
0 -2903482 lE -08* -0 .1084663ZE-11  0 * 3 2 4 9 1 5 7 7 E + 0 5   0 . 3 5 1 2 0 ~ 0 0 E + 3 1  

s t  L 1 2 / 6 6 5   L E  -100 000 OG 3 0 0 . 0 0 0   5 0 0 0 . 0 0 0  
0,24118653E 01 0.22103303E-03-0.18939564E-06 0 .6188667SE- lC~0 .53887720F-1 . ;  
C.15375732E 06 0 .58861130E  01   0 .25388214E  01 -0 .62478561E-04   0 .15513305E-06  

- 0 . l h 1 4 8 7 4 9 E - 0 9  0 .60012108E-13  0 .15373003E 06  0.53857186E 01 
SH J 6 / 6 7 5   l t i  1 0 3  000 OG 300.000 5090.000 

0 . 3 0 3 7 1 3 8 2 E   0 1  0 . 1 2 7 5 2 4 6 6 E - 0 2 - 0 . 4 2 3 1 4 3 4 5 E - 0 6  0 .67719668E-10-@.40Y34312~-14  
0.16545437E  05  G.60722981E 01 0.44098953E  01-0.21063747E-02  0.1317108:F-05 
0.16467179E-08-0.12144787E-1) .  0.16180734E  05-0.10226129E 01  

0.3849397hE 01 0.72756788E-33-0.29370203E-06 0.55013628E-10-0.3812355lE-14 
0.30459962E 05 0 .44179139E 01  0 .39422971E  01-0 .20035515E-02 0 . 7 3 5 3 4 6 4 4 E - 0 5  

SN J 6/61S I t 4   1 0 0  000 OG 300.000 5 0 0 0 . 0 0 0  

-0 .751685606-08  O.255Y1098E-11  0 .30563949E 15 0.45669484E 01 
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